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Cladarosymblema narrienense gen. et sp. nov. (Megalichthyidae, Osteolepiformes), herein

described from the Lower Carboniferous Raymond Formation, Drummond Basin, Queens-
land, Australia, is the first megalichthyid described from the Southern Hemisphere. The
holotype of C. narrienense is preserved in siltstone and is a crushed specimen with skull,

mandibles and anterior postcranial elements still together. Paratypes are isolated parts of the

skeleton which have been etched with acetic or monochloracetic acid from limestone

immediately underlying the siltstone. As a consequence of the detail preserved in these

specimens, C. narrienense is the best known member of the Megalichthyidae. The sedimen-

tary unit in which the fossils are preserved was probably deposited on a floodplain, in a

semi-persistent lagoon which supported abundant calcareous algae and a rich fauna of

actinopterygians, acanthodians and crossopterygians. This standing body of water was
subject to occasional flooding during which penecontemporaneous sedimentary clasts were
washed in, along with silt and sand. The family Megalichthyidae is herein redefined using

skull, mandible, pectoral girdle, pectoral fin, and axial ring characters, giving a much broader

definition than has been used previously. We include Megalichthys, Ectosteorhachis,

Cladarosymblema, an unnamed new genus from Norway and an unnamed species from
Turkey. Attention is drawn to great variability of the bone pattern in the roof of the rostral

region of the skull in C. narrienense. The use of such bone patterns for the diagnoses of

genera without a knowledge of their variation in the component species, is questioned. Lateral

line canals in the rostral region of C. narrienense are discussed, and they are shown to be

separated from the ossification centres of some of the bones through which they pass, in

some instances lying along the sutures between bones. The significance of these observations

for the definition of bones in the nasal and postrostral series is pointed out. Braincase structure

of both ethmoid and otico-occipital units, the hyomandibular, and the neural and vascular

systems of the mandible of C. narrienense are described and figured. More detailed

information on the hyomandibular is available than for any other osteolepiform genus apart

from Gogonasus; the hyomandibular of that genus is described for the first time. The maxilla

has an oblique anterodorsal flange that formed the posterior margin of the choana. A similar

structure is described from Gogonasus, already known to be choanate. This condition was
probably primitive for osteolepiforms. Other aspects of Gogonasus are described using a

new specimen, providing a more secure base for comparison of Cladarosymblema with other

osteolepiforms. Scale histology and growth of the scales are discussed, particularly in relation

to the resorption, deposition and function of cosmine. C. narrienense was an elongate animal,

that had a mid-body section forming an ellipse with vertical axis slightly the longer, and a

slightly more depressed anterior section; this, together with its scale structure, pectoral fin

pattern, posteriorly placed median fins, and mouth and dentition, indicate that it was a

predatory feeder with subcarangiform locomotion. Megalichthyidae, Osteolepiformes,

Cladarosymblema gen. nov., Carboniferous, cranial morphology, Raymond Formation.
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Fossil fish have been known from the Drum- universities to collect suitable material for de-

mond Basin (Fig. 1) since Smith (in Jack & scription, adequate collections were never assem-

Etheridge,1892) reported scales in railway cut- bled.

tings west of Bogantungan, Queensland. Al- In 1966, deBretizel, a geologist with Aquitaine

though attempts were made by geologists from Petroleum Ltd., reported specimens in situ in the

government instrumentalities, oil companies and Telemon and Raymond formations and sent a
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adequate material from the

Raymond Formation and
was also doubtful about the

provenance of the de
Bretizel specimen. Wehere

provide a description of that

material and compare it

with our better localised

and more adequate sample.

In the same year Long and
Arvid Buskas, a postgradu-

ate student at the ANU, lo-

cated the bed from which
the present material has
been collected. This had

been visited previously by
Dr Turner. The collection

studied in the present work
has been made by Long and
Buskas, and by Fox,
Barwick, Campbell and
William Ellis, a student as-

sistant, in 1986; and
Barwick and Campbell in

1990. All the specimens of

Cladarosymblema nar-

rienense described herein,

except the holotype, have

been etched from more than

500 kg of limestone from a

single stratum.

The fish fauna from the

above locality, which we
will refer to as the Police

Mountain Track locality

(Fig. 2), consists of at least

five fish species - one cros-

sopterygian, three actinop-

terygians and one
acanthodian. Long found
numerous acanthodian

FIG. 1. Map showing the position of the Drummond Basin and its relationship specimens in the de Bretizel
to surrounding tectonic units, and the areas of outcrop, isopachs, and directions Dlock suggesting that it did
of sediment transport of the Raymond Formation. The area covered by Fig. 2

not c ^ mt from our locality

In addition to the specimens

Mainly meander

bett deposits

'600
' Isopach (metres)

A Palaeocurrent
' dt reel i oris

J L Approximate edge

ol deposition

^P Area ot outcrop BOWEN BASIN

is shown by a rectangle. (Modified from Olgers, 1972).

limestone block full of fish remains, that was
collected along a roadside, to the Queensland

Museum. Dr Susan Turner of the Queensland

Museum made collecting trips to the Narrien

Anticline in 1984-5 and found a new fish locality

in the Telemon Formation. In 1986, Long pre-

pared a manuscript on the specimens collected by

de Bretizel and Turner, but this was never pub-

lished because he realised that the species in-

volved may have been represented by more

definitely identified as fish,

we have found a few large postcranial bones that

are large enough to be amphibian but are possibly

rhizodontiforms. At present we have too few of

these to warrant description.

Herein we describe from the Raymond Forma-

tion one osteolepiform fish, with which we com-
pare the osteolepiform from de Bretizel'

s

material. Long (1986) has described some of the

acanthodians from the de Bretizel limestone
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FIG. 2. Generalised geological map of the Springvale area from which the material described was collected.

Position of collecting localities shown thus: X X. (Modified from Vine & Doutch, 1972.)

block, and the other osteichthyans will be the

subject of another paper.

Osteolepiforms known from the Devonian of

Australia include Gyroptychius australis Young
& Gorter from the Middle Devonian rocks at

Burrinjuck Dam, N.S.W., Gogonasus andrewsae

(nom.corr. for G. andrewsi Long) Long from the

Frasnian of the Canning Basin, W.A., and
Marsdenichthys longioccipitus Long and

Beelarongia patrichae Long from the Frasnian of

Mt. Howitt, Victoria. The problematical C<aw-

owindra grossi Thomson from the Upper Devon-

ian of NewSouth Wales has been regarded as an

osteolepiform by Long (1985b,c) and by Young
et al. (1992). The new genus is the first occur-

rence of a well-preserved osteolepiform from the

Australian Carboniferous. The only other cros-

sopterygian fish described from the Carbonifer-
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ous of Australia is the rhizodontid Barameda
decipiens from redbeds near Mansfield, Victoria

(Long, 1989). This dearth of crossopterygians is

surprising in view of the large number of fishes

obtained from the Gogo Formation, and the great

thickness of suitable sediments of Devonian and

Carboniferous age in all the eastern States. The
occurrences reported from both the Telemon and

Raymond formations suggest that an aggressive

search of the Drummond Basin will produce

more freshwater genera, and Long's discovery of

rhipidistian fish remains in the Carboniferous

rocks of the Canning Basin of Western Australia

suggest that more marine genera will turn up
there.

STRATIGRAPHYANDENVIRONMENT

Specimens described herein were obtained

from a carbonate bed in the Early Carboniferous

Raymond Formation, which crops out exten-

sively in the DrummondBasin (Fig. 1 ). The fossil

bed is exposed on the eastern flank of a small,

local anticline whose axis is offset from that of

the larger Narrien Anticline and lies west of the

Springvale Syncline (Vine & Doutch, 1972; see

also Fig. 2). These structures lie about the mid-

length of the meridionally oriented Drummond
Basin.

The Drummond Basin is an intracontinental

structure formed during the Late Devonian and

Carboniferous west of the Anakie High in central

Queensland. Sediments within it locally overlie

the Upper Devonian Silver Hills Volcanics and

were deposited in fluviatile and lacustrine envi-

ronments. Sediment transport throughout its his-

tory was south to north. As would be expected,

the sediments consist mainly of conglomerates,

sandstones and shales, all of which show rapid

lateral facies changes. The stratigraphic column
shown in Fig. 3 has been drawn up from the

northern part of the basin where the thickness is

greatest. The fossil locality is about 1 50km to the

south of this depocentre, where the thickness is

approximately three quarters of the maximum
further north. The rate of sediment accumulation

was enormous, the Lower Carboniferous se-

quence being measured at 12 000m thick (Olgers,

1972).

The nearest contemporaneous sea was either to

the north of the Lolworth-Ravenswood Arch, or

at the northern end of the Yarrol Basin, even if

allowance is made for the westward translation of

that structure in post-Carboniferous times. In

both of these areas, Early Carboniferous brachio-
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Lithology
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feldspathic sandstone.
siltstone Bird

mudstone

Lithic and feldspathic
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sillstone, mudstone
and tuff

Varicoloured luff,

sandstone,

conglomerate
and siltstone

Quartzose sandstone
With minor siltstone

and mudstone.

Quartzose sandstone
and conglomerate
Minor lithic sandstone
and mudstone.

Feldspathic and lithic

sandstone, mudstone,
tuff and algal

limestone

Rhyolite, tuff and
algal limestone.

Siltstone. sandstone
and limestone,

metamorphosed
in part.

FIG. 3. Generalised stratigraphic column from the

depocentre at the northern end of the Drummond
Basin. The entire sequence apart from the Ukalunda

Formation consists of volcanic and fluviatile or lacus-

trine deposits. * indicates the position of the

Ducabrook Formation, a facies equivalent of the

Bui ii wallah Formation and the # indicates the position

of the Telemon Formation, a facies equivalent of the

Scartwater Formation. (Modified from Olgers, 1 972.)

pods, corals and molluscs are present. However,

no Carboniferous marine fossils are known from

the Drummond Basin.

The Raymond Formation was named the Ray-

mond Flaggy Sandstone by Hill (1957), a name
reflecting its overall nature. In the vicinity of the

fossiliferous bed, the rocks are mainly grey- or

buff-coloured sandstones and siltstones that show
many evidences of shallow water deposition. In-

terference ripples, wind-ripple drift, and channels

filled with cross-stratified sands are common
within or adjacent to the fossil bed, and there are

sporadic sand-filled mud cracks. Moreover, mud
clast conglomerates, indicating the break-up and

erosion of nearby penecontemporaneous sedi-
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ments, demonstrate that the water was so shallow

that mudcracking and redeposition were features

of the environment. Many of the rocks, including

those within which the fish are preserved, contain

macrofloral remains, usually lepidodendroid

stems. These points, in association with the evi-

dence of the sediments and the palaeogeography,

indicate that the fish fossils are of freshwater

origin.

The carbonate unit can be traced over a distance

of approximately 3km. At its northern extremity

the carbonate content gradually decreases; the

bed becomes a silty sandstone, containing few
fish. At the southern end soil cover obscures the

outcrop, but we have been unable to find the bed
in the appropriate stratigraphic position further

around the structure even where the outcrop im-

proves. Nor have we been able to find it on the

other side of the anticline. Consequently, we con-

clude that the limestone bed was deposited over

a restricted area, probably in a restricted environ-

ment. It is possible, of course, that the bed was
more widely distributed, and was eroded from
neighboring areas penecontemporaneously. Be-
cause the limestone laterally grades into siltstone

at its northern end, and at its southern end it

consists of lenticular units, we do not accept that

hypothesis.

The fossiliferous limestone is up to about 2m
thick, but it varies considerably in thickness over

the outcrop. In its northern half the limestone is

persistent, and is commonly 1.0-2.0m thick. In

the southern part of the outcrop the unit is less

persistent and is rarely more than 0.5m thick. It

lenses out from 0.5m to nothing within a few

metres along strike, and then reappears equally

rapidly. This is interpreted as the result of depo-

sition in isolated patches rather than pene-

contemporaneous erosion.

In the north, the base of the bed is an algal pellet

limestone about 0.5m thick, which contains few

fish. The remainder of the unit contains abundant

fish remains and is composed of carbonate mud
containing quantities of terrigenous sand, silt and,

in many places, flat mud and silt clasts up to 10
cm in diameter. Despite the abundance of carbon-

ate, no sign of invertebrate remains has been
found. Many of the clasts are carbonate rich,

consisting of scattered quartz grains in a mud
matrix containing carbonate. Some of the clasts

are completely overgrown by algae (Fig. 4A)
indicating movement before burial, and others are

partly coated with algae (Fig. 4E). Presumably

this means that these silt and mud clasts were at

least slightly hardened and overgrown before

transport. Others were still soft when deposited,

because their edges are not sharp, but merge into

the surrounding matrix, suggesting partial disin-

tegration during deposition. Occasional small

clasts are made of algal carbonate (Fig. 4E), and
many of these show the coliform external shape

of the growing algal colony (Fig. 4A). The finer-

grained matrix consists of mud and silt with large

amounts of carbonate; and a carbonate cement.

Many fine sand-sized clasts are made of angular

quartz. Locally abundant bodies that appear in

thin sections as sand-sized groups of radially-ar-

ranged calcite crystals, are interpreted as

Microcodium, structures that are formed as the

result of the infilling of root spaces during expo-

sure to the atmosphere (Scholle et al., 1983).

Some larger clasts contain fish fragments (Fig.

4D) indicating that the specimens were disaggre-

gated and deposited in the soft silty sediment.

This was then dried out and cracked, and the

resulting clasts were redeposited. Such an inter-

pretation implies that some of the isolated fish

fragments that are now found in the matrix of the

rock were reworked from penecontemporaneous

sediment. None of the clasts consists of igneous

rocks or of earlier Palaeozoic sediments; this

overleaf on pp. 110-111

FIG. 4. A-E, thin sections of sediment from which the fossils have been extracted. All figures have been prepared by
printing the thin section in an enlarger. A, QMF31882, section cut normal to bedding. Shard-like bodies are fish scales.

Numerous small white spherical bodies are composed of carbonate. The large mass (a) is a clast still showing bedding.

Most other clasts are intrac lasts. Those labelled (b) are completely coated with algae. Note some of the clasts have clearly

defined boundaries, but those labelled (c) merge into surrounding matrix or show highly irregular boundaries indicating

that they were soft when deposited. Cloud-like bodies (d) are algal growths; some are attached to clasts, others have

broken free, (e) section through a cartilage bone. B, QMF31883, section parallel with bedding. Most sharp-edged

fragments are scales; silty matrix is largely caibonate. C, QMF31884, section normal to bedding; shand-like bodies are

scales; dark oolith-like bodies are teeth, appearing as circles demonstrating that they were current-oriented. Note clast

(a) has been squeezed out laterally during compaction, indicating that it was soft when deposited D, QMF31885, section

normal to bedding showing large clasts separated by carbonate silt with many fish fragments. Clast (a) itself has an

embedded fish fragment; its right manjin merges into the matrix. E, QMF31886, section normal to bedding. Upper side

of flat clast (a) is encrusted with algae; several well-defined algal balls (b) are present. Scales: 1 0mm.
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FIG.4A
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FIG. 4C-E.



104 MEMOIRSOFTHEQUEENSLANDMUSEUM

indicates that no distant transport was involved,

and that any currents were of short duration.

Fish remains, whether scales or cranial plates,

almost all lie parallel with the bedding, which
they help to define in hand specimen (Fig. 4A,C).

In thin section many have uniform, small diame-

ter tubes that are now filled with chemically-de-

posited carbonate. These are of appropriate size

and shape to be borings made by either algal

hyphae or nematodes. Absence of imbrication

indicates low velocity depositing currents. Sev-

eral well-formed coprolites, cylindrical in form,

have been recovered from the etches. -These

would not have been preserved if they had been

subjected to much movement on the bottom. Of
course, the nature of the sedimentary clasts also

precludes strong persistent currents. We con-

clude, therefore, that periods of excess energy

disrupting bottom sediments were short-lived but

rapidly broke up skeletons and caused un-

consolidated mud to infiltrate main skeletal cav-

ities.

Sandier units within the limestone are com-
monly cross-stratified. In places, channels subse-

quently filled with coarse sediment cause slight

thickening of the unit. These channels were cut in

the underlying sediments and filled with carbon-

ate and terrigenous clasts.

Weinterpret the depositional environment as

a semi-persistent lagoon formed by a body of

overbank water in which freshwater calcareous

algae grew, and fish were able to make permanent
habitations. During floods, water flowed through

and around the lagoon disrupting the carbonate-

rich sediments and transporting clasts torn up
from the surrounding, recently deposited, sedi-

ments. The abundance of Microcodium in some
sections indicates that plants were growing on the

adjacent sediment or perhaps actually on the car-

bonate itself. On occasions new temporary chan-

nels were established, and conglomerates were
formed in these.

The fish are almost always fragmentary, and it

is uncommon to find whole otico-occipital or

ethmoid units. Scales are scattered through the

whole deposit. Only one assembled specimen, the

holotype, was found, and it was lying in a silt-

stone/sandstone layer immediately on top of the

limestone. Specimens preserved in three dimen-
sions are filled with carbonate mud; none have a

crystalline calcite infill. It is concluded that the

skeletons were disaggregated before interstitial

carbonate precipitation could occur.

As a result of this mud infilling, sediment com-
paction has resulted in cracking and disruption of

most specimens. This is unlike the fish from the

Gogo Formation, Western Australia, where crys-

tallisation of carbonate in the open spaces within

and between bones took place during early

diagenesis, preventing skeletons from crushing.

Most flat specimens of Cladarosymblema^ such

as the roofing bones and operculars, are badly

cracked and fall apart during etching. Despite

disaggregation, few bones show evidence of

abrasion, indicating little transport.

The Drummond Basin is analogous tectoni-

cally to the Lambie Basins of New South Wales
and Victoria, which are predominantly filled with

Upper Devonian redbeds, and contain thick se-

quences of conglomerates, which, although con-

centrated near the base of the sequences, occur at

many levels. At many horizons freshwater algal

pellets are very common, and placoderms are

frequently found in such sediments. However, we
note that the Drummondsediments include fewer

redbeds, and conglomerates are not concentrated

in the basal formations. In our opinion, this is not

the result of a different tectonic environment, but

rather of a wetter climate. Such an interpretation

would account for the persistent standing body of

water that would be necessary to account for the

limestone in which Cladarosymblema is found.

AGEOFTHERAYMONDFORMATION

In the absence of marine fossils or volcanic

rocks from which radiometric dates could be

obtained, spores, plant macrofossils and
microvertebrates provide the only means for dat-

ing this formation. Only a limited number of
palynological determinations have been made on
sediments from the Drummond Basin, and all of

these were by Dr Geoffrey Playford. The pal-

ynostratigraphy was reviewed by Kemp et al.

(1977) and Playford (1985). The plant macrofos-

sils have been studied by White (1972).

Lepidodendroids are the commonplants in the

sequence. Leptophloeum australe (McCoy) is

common in the Late Devonian of eastern Aus-
tralia, but has never been recorded above the

earliest Tournaisian (Jones et al., 1973). In the

Drummond Basin, it is not recorded in beds

higher than the Mt.Wyatt Formation, which over-

lies the Lower Devonian Ukalunda Formation
and unconformably underlies the Drummond
Group in the extreme north of the basin. It is

separated from the Raymond Formation by sev-

eral thousand metres of sediment. Other species

of lepidodendroids occur in all the formations

between it and the Raymond Formation. The
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common species in the Raymond Formation is

the long-ranging Carboniferous species
Lepidodendron veltheimianum Sternberg, which
occurs through several formations above and
below. The exclusively Carboniferous
Rhacopteris digitata Etheridge fil. also enters the

sequence several thousands of metres below the

Raymond Formation, but above the Mt. Wyatt
Formation. We conclude that the macroflora

gives no more precise age for the Raymond For-

mation than some level above the base of the

Carboniferous.

Playford (1976,1977) described spores from
the Ducabrook Formation, which is higher in the

sequence than the Raymond Formation, and has

assigned them to his Anapiculatisporites largus

Assemblage. He considered this assemblage to be

of late Visean age for two reasons: 1, the same
assemblage occurs in the Tanmurra Formation
and the upper Bonaparte Beds of the Bonaparte
Basin, Western Australia, where it is dated by
marine invertebrates; and 2, some species of pal-

ynomorphs from the assemblage are known else-

where only from the the late Visean of Britain.

Playford (1985), in the most recently published

review of Australian Lower Carboniferous paly-

nology, showed the Raymond Formation as late

Tournaisian in age, not because he had additional

information, but because he spaced the forma-

tions between the Leptophloeum australe Flora

and the Anapiculatisporites largus Microflora.

Thus the macrofloras indicate that the formation

is probably younger than Tournaisian, and the

microfloras show that it cannot be late Visean or

younger.

Samples of the fish-bearing rock have been
etched by Dr Clinton Forster of the Australian

Geological Survey Organisation with a view to

studying palynomorphs, but no identifiable short-

ranging spores have been recognised.

Turner (1993) studied the microvertebrates of

the Raymond Formation at the site from which
our material comes. Although there is no precise

identity between the Raymond Formation species

and those from elsewhere in the world, she con-

sidered it possible to draw general conclusions

about the age and environment of deposition of

the formation. In her opinion the fauna is early to

middle Visean in age, although the control is

limited by the range of data available. She further

considered that the fish fauna has elements in

commonwith the Scottish Vis6an, an interesting

point in view of the presence of megalichthyids

in the same region. This is slightly younger than

suggested by Playford, but is within the range

indicated by plant data. Weconclude that the

most reliable age estimate available at present is

early to middle Visdan, an age consistent with the

occurrence of megalichthyids.

Materials and Methods
The amount of carbonate cement and matrix

can be judged from the mode of preparation we
have had to adopt. Each specimen underwent

many cycles of immersion in acid for up to seven

days, washing for two or three days, drying over

a period of days, and finally impregnating with

dilute plastic. The matrix does not completely

disaggregate under acid treatment, but the rock

becomes soft and is easily removed by scraping

and/or brushing with a soft hair brush. Many
specimens have required immersion and im-
pregnation as many as thirty times.

The specimens were all whitened with ammo-
nium chloride before being photographed. The
specimens examined by scanning electron micro-

scope were gold-coated.

The holotype is the only specimen prepared

mechanically, and that was done by vibrotool and
needle.

Materials cited in this work are registered with

the Queensland Museum (QMF), Western Aus-
tralian Museum (WAM), Australian National

University Geology Department (ANU), Royal

Ontario Museum(ROM), British MuseumNatu-

ral History (BMNH), Hancock Museum, New-
castle-on-Tyne (G) and Hunterian Museum,
Glasgow (V).

Terminology
Ethmoid Unit*, the part of the skull anterior to

the intracranial joint, including the skull roof and
endocranium of that part of the skull.

Oticooccipital Unit: the part of the skull

posterior to the intracranial joint. As with the

ethmoid unit, it includes the skull roof and the

endocranium.

Nomenclature of Skull Roofing Bones:
Wedo not wish to become involved in discussion

of this matter, as our purpose is to describe a new
genus and indicate its relationships with other

osteolepiforms. Wehave chosen the terminology

of Westoll ( 1 936), Romer ( 1 937) and several later

authors, most recently Ahlberg (1991), which is

based on comparison with primitive tetrapods.

The matter has been extensively discussed by
Borgen(1983).

Wewish to comment, however, on the nomen-
clature of the nasal, rostral and tectal series. Def-
inition of the nasals depends on the presence of
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lateral line canals within them, and the other two
series lie mesial and lateral to the nasals respec-

tively. Our observations of the snout of
Cladarosymblema indicate that the position of

the lateral line canal is sometimes not clear from

observations of the external surface, particularly

if reliance is placed on lateral line pores. It is

necessary to work from X-radiographs, exca-

vated canals or specially prepared internal sur-

faces. Even when this is done, it is found that in

some specimens the canals run along the sutures

between bones in some places, around the centres

of ossification in others, and through the centres

in yet others. Consequently the identification of

the nasal series is sometimes ambiguous. Hence
identification of rostrals and tectals is sometimes
uncertain. Weare wary of some statements in the

literature concerning these bones, and advise cau-

tion in recognising taxa on the basis of such

criteria. A second point concerns the difference

in the arrangement of bones of these series on

opposite sides of the one specimen. There seems
to be little point in trying to homologise individ-

ual bones within these series. The taxonomic

value of such an exercise is questionable.

PREMAXILLA: Jarvik (1942:346) stated that the

infraorbital lateral line canal 'along the ethmoidal

region pierces a paired row of bones, the rostrals,

in all three main crossopterygian groups'. In os-

teolepiforms the toothbearing bone around the

edge of the mouth also carries the lateral line.

Jarvik therefore referred to it as a compound
bone, the rostro-premaxilla, except in species in

which he considered that the first nasal was also

incorporated. For such forms he used the name
naso-rostro-premaxilla. Jarvik claimed to be able

to show that in some specimens of Eusthenopte-

ron the premaxilla is an independent bone sutured

against the rostrals. In all our specimens of

Cladarosymblema the tooth-bearing bone is large

and has a projection extending over the area that

is covered by the first nasal bone in such genera

as Osteolepis. However, the bone in question has

a single centre of ossification; hence we have no
observable evidence of fusion. Weprefer to refer

to it as the premaxilla.

Prenasal Fossa: Jarvik (1966: figs 17 et seq.)

referred to deep fossae roofed with thin endocran-

ial bone and lying anteromesially to the nasal

cavities, as 'divisio prenasalis communis of the

neural endocranium'. In a complicated terminol-

ogy of this region, he also used the terms prenasal

pit, intervomerine pit and anterior palatal fenes-

tra. Weare unable to discriminate detail of this

sort on our specimens. In addition, Jarvik has

used the structures he recognised to imply rela-

tionships that have not been accorded general

agreement. Hence, to avoid confusion, we have

not accepted his terminology. The two deep, sub-

hemispherical depressions in the endocranium

that are clearly separated by a broad median ridge

of endochondral bone which is slightly over-

lapped anteriorly by the posterior process of the

premaxilla, are given the non-committal name of

"prenasal fossae'.

SYSTEMATICPALAEONTOLOGY

Order OSTEOLEPIFORMESJarvik, 1942

Remarks
The possibility of defining this taxon has been

disputed by Rosen et al. (1981), who considered

that it was paraphyletic. Long (1985b,c, 1988,

1989) and Panchen & Smithson (1987), working

within a cladistic framework, are among the few
who have continued to take this work seriously,

and even they have contested its conclusions.

Restricting the families included in the taxon to

the Osteolepididae and the Eusthenopteridae as

then understood, Long claimed that the Os-

teolepiformes are unique in having a small verti-

cal preopercular, seven bones forming the cheek
with the lachrymal as large as the jugal, a dermal

shoulder girdle with an exposed anocleithrum,

and scutes at the bases of the fins. Panchen &
Smithson (1987: 358-362) independently consid-

ered that the seven cheek bones were au-

tapomorphic for the Osteolepiformes. In

addition, they accepted the presence of scutes at

the base of median and paired fins, and a single

external naris, from the list provided by Andrews
(1973). This composite list of disparate charac-

ters does not commend itself to some of us as the

basis for the recognition of a major taxon. In our

view, osteolepiform and rhizodontiform genera

should be analysed in terms of functional systems

before an adequate classification is possible, but

we do not have access to a complete range of

characters that can be interpreted functionally

(but see below). Hence we do not attempt the

definition of taxa at the level of the Os-
teolepiformes. On the other hand, we consider the

Megalichthyidae to be closer to the Os-
teolepididae than to any other family, and so we
classify them under the order Osteolepiformes

simply to indicate that point. Wenote, however,

that the Megalichthyidae falls within the defini-

tion of the Osteolepiformes as defined by Long
(1985b).
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Family MEGALICHTHYIDAEHay, 1902

Diagnosis
Skull low and wide; no pineal opening; anterior

narial opening slit-like, embraced in front by
lateral rostral and behind by anterior tectal bones;

separate bones dorsal and ventral of this opening
absent; maxilla high, with its highest point poste-

rior, leaving only a short edge for junction with

the squamosal; outline of squamosal approxi-

mately equidimensional; preopercular short and

standing vertically. Opercular large, subquadrate

in outline, with a H/L ratio of approximately 1

;

two suboperculars, (see discussion of operculars

below), both abutting posteriormost sub-

mandibular; subopercular 1 only half the size of

opercular; lateral extrascapulars wide. Posterior

endocranial wall of trigeminofacialis chamber
approximately transverse (see REMARKS
below). Tusk on premaxilla positioned behind

variably developed row of small teeth; posterior

process on premaxilla lying on endocranial pala-

tal lamina of ethmoid shield; prenasal fossa di-

vided by endocranial bone partly covered by
posterior process of premaxilla. Vomer trans-

verse in outline, lacking posterior process, but

with mesial process meeting, or almost meeting,

its fellow in midline. Well-developed, deep ante-

rior mandibular fossa; strong postglenoid pro-

cess; strong symphysial tusk on dentary, and teeth

reduced or absent in front of it. Scales rhombic
but lacking peg-and-socket articulation.

Scapulocoracoid very large, and with extensive

attachments to cleithrum. Pectoral fins large and

fan-shaped.

Remarks
The diagnosis has been prepared with a view to

differentiating the family from other osteolepi-

form families, and consequently we have used

only those osteolepiform characters that are indi-

vidually unique, or which form complexes unique

to the Megalichthyidae. Weare aware that it is

possible to find outside the family an odd genus

that has one or more of the features listed above

as unique. In our view this is not significant: the

definition of any higher taxon is likely to include

statements about characters that have developed

independently in unrelated taxa, i.e., homoplastic

characters.

For this reason it is necessary to emphasise
character complexes, as illustrated by the follow-

ing three examples.

(A) We acknowledge that the squamosal of

some members of other families is almost

equidimensional in outline and that some others

have high maxillae, and that yet others have stee-

ply inclined preoperculars, but these features in

megalichthyids inter-relate to make a distinctive

cheek.

(B) The outline of the opercular in some mem-
bers of Osteolepis macrolepidotus is similar to

that of the megalichthyids (Jarvik, 1948: fig. 41).

However, note that the opercular in that species

is highly variable, it is small in comparison with

that of megalichthyids of similar size, subopercu-

lar 1 is of like dimensions to the opercular, and
that these two bones sit high on the side of the

head with the long axis of the opercular inclined

to the long axis of the fish. Although we have no
specimens of megalichthyids with the opercular

series in position relative to the cheek and the

shoulder girdle (but see Borgen's illustration of

the cheek and operculars of his new genus [MS]),

it is clear that the long axis of the opercular must

have been almost horizontal and that it covered a

large part of the side of the gill chamber, its

ventral edge being at about the level of the man-
dibular articulation; and that subopercular 1 is

small in comparison with the opercular. All these

features imply significant differences between
megalichthyids and Osteolepis in the dynamics

of the gill chamber.

(C) The significance of the two bones around

the anterior naris is that they are placed anterior

and posterior to the opening rather than dorsal and

ventral. Although this bald statement is made in

isolation, the position of these bones was only

achieved by a complex rearrangement of the sur-

rounding bones as compared with other os-

teolepiforms. Yet the diagnosis contains only

terse statements about the positions, shapes and

relative sizes of all the bones in question, making
it possible to object that individual characters are

not unique. This illustrates our previous point that

the listing of uninterpreted characters such as is

found in standard cladistic analyses is almost

valueless.

One feature we have left in the diagnosis is the

large, flat, fan-shaped pectoral fins, despite the

fact that some osteolepidids, such as

Gyroptichius groenlandicus (see Jarvik, 1985,

fig. 8), have similar fins. Gyroptychius is a mem-
ber of the Osteolepididae, which do not normally

have fins of this type. We conclude that

Gyroptychius has evolved this fin type indepen-

dently. Thus, although the shape of the pectoral

fins cannot be said to be unique to the

Megalichthyidae, it is a feature that permits a
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separation of most members of the Os-
teolepididae from the Megalichthyidae.

Somecharacters have not been found in all the

named taxa, but we have included them in the

diagnosis because we have reason to believe, on
the basis of incomplete evidence, that they are so

distributed. Other features have been included

although they have not yet been discovered in all

the included taxa, because we consider that they

are very distinctive in the genera in which they

are known, and the probability of their occurrence

in taxa with correlated characters is high. For

example, with regard to the shape of the vomers

we note that although only incomplete bones

have been found for Cladarosymblema nar-

rienense, the shape of the endocranial surface to

which the vomers were attached shows that they

were very wide, like those of Megalichthys. This

shape ties in well with the unusual breadth of the

rostral unit, and so it has been included as diag-

nostic.

Other features that may prove useful when bet-

ter descriptions become available are as follows:

(1) The cheek is apparently short in

Megalichthys, Ectosteorhachis, Cladarosym-
blema and a new genus of megalichthy id from the

?Permian of Norway being described by Ulf
Borgen (Borgen, MS), but details are lacking.

(2) It appears that the squamosal is

equidimensional in outline, and from the position

of the orbit as inferred from the jugal, the postor-

bital and the jugal must be more elongate than in

other osteolepiforms.

(3) The ornament of the dermal pectoral girdle

of both Cladarosymblema and Ectosteorhachis is

distinctive, but Megalichthys itself is too poorly

known to permit the character to be used diagnos-

tically for the family.

(4) A strong oral lateral line canal branches

from the mandibular canal in Eusthenopteron and

it may be a widespread feature in osteolepiforms,

but adequate material has never been prepared.

Cladarosymblema has no oral canal, and from the

absence of pits in the surangular of
Ectosteorhachis and Megalichthys, we conclude
that the same applies to those genera also. How-
ever, absence of an oral canal may be more wide-

spread than that, and so caution has been
exercised in using it as a family character.

(5) In C. narrienense, the angle between the

olfactory tracts in dorsal view is only about 45°.

and the dividing point is behind the mid-length of

the ethmoid unit. In fact, the division is so far

back that the canal for the optic nerve exits from
the side of the olfactory tract instead of from the

wall of the braincase proper. The same arrange-

ment has been described for Ectosteorhachis

nitidus (Romer, 1937: figs 8, 9). The British M.
hibberti requires dissecting before the olfactory

tract configuration is certain, but we consider that

specimen V3040 from the Hunterian Museum,
Glasgow, although crushed, suggests a posterior

divergence like that described above. Should this

prove to be so, it is another feature by which the

Megalichthyidae may be distinguished from
other osteolepiforms.

(6) In megalichthyids, the gutter around the

cosmine cover of the scales usually exposes the

vesicular bone that forms the core of the scale,

and thS overlapped part of the scale is lamellar

bone on its inner and outer surfaces. A gutter in

which vesicular bone is exposed is also known in

Latvius (Gross, 1956), but the histology of the

whole scale has not been described. The value of

this feature requires investigation.

Wealso note that a feature which has not at-

tracted attention in differentiating the

Megalichthyidae, probably because it is so rarely

preserved, is the form of the endolymphatic sacs

and ducts. The only other osteolepiforms in

which these structures are confidently known are

Eusthenopteron foordi and Ectosteorhachis

nitidus. As Jarvik (1975) has pointed out, in E.

foordi the supraotic cavities of the two sides

converge mesially in a discrete arch that extends

posteriorly over the brain stem and exits from the

braincase to form an extension down the spinal

cord. Romer (1937) showed that no such arch is

present in Ectosteorhachis nitidus, which has a

relatively flat-topped sac without a vertebral ex-

tension. Our observations of Cladarosymblema
narrienense (see below) indicate a different pat-

tern from that of E. nitidus. Westill lack detail for

this region in Megalichthys hibberti, detail that

can be obtained only by dissecting an appropri-

ately preserved specimen.

Unusual features of Cladarosymblema are the

large lateral extrascapulars and post-temporals.

Wehave not been able to confirm the presence of

similar bones in Megalichthys, Ectosteorhachis

or Borgen' s new genus. Borgen, however, has

figured a specimen of M. hibberti (BMNH P
5231) that has a large lateral extrascapular, and
all of these genera have large quadrate-shaped

operculars whose size and orientation suggest

that the post-temporals were also large. Weex-

pect that these features will prove to be diagnostic

of the family when more material is discovered.

Finally, we draw attention to the point that the

components of the ring centra of Megalichthys,
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Ectosteorhachis and Cladarosymblema are sol-

idly fused, although they may be incomplete dor-

sally along part of the vertebral column. Andrews
& Westoll (1970b: 427-429) considered that this

type of structure represents the culmination of 'a

trend of increasing consolidation of the axial

skeleton within the Rhipidistia' , and that it also

occurs within other stocks such as the one leading

to Rhizodopsis. It may yet be possible to distin-

guish between the centra of Rhizodopsis and

megalichthyids using such features as the nature

of the lateral grooves and the lack of a periosteal

surface on Rhizodopsis. For this reason we prefer

not to list the character of the centra as a possible

diagnostic feature until further investigation is

complete.

In preparing the above diagnosis of the family

some previously used features have had to be

ignored in the light of new observations, and

others have been stressed now that we have ac-

cess to information derived from better preserved

specimens. In particular, we note that Bjerring

(1972), followed by Jarvik (1985), indicated that

within the Osteolepiformes, the crista parotica of

osteolepidids differs from that of rhizodontids in

that it runs posteromedially beneath the skull

roof, leaving the lateral parts of the supratemporal

and the entire extratemporal unsupported by en-

docranium. To arrive at this conclusion they used

the endocranium of Ectosteorhachis nitidus on

which they superimposed the roof of
Megalichthys laticeps as interpreted by Bjerring

(1972). Their view has been confirmed, at least

for osteolepids, by the genus Gogonasus an-

drewsae Long, new specimens of which are under

description by us; but in our specimens of C.

narrienense the crista parotica runs posteriorly

along the outer edge of the supratemporal, and

our observation of E. nitidus indicates that it is

precisely similar. Hence we do not accept that the

position of this structure is consistent in all os-

teolepiforms, and it cannot have the significance

they proposed. However, the position of the trans-

verse wall of the endocranium at the rear of the

trigeminofacialis chamber is probably a feature

that will permit the differentiation of the Os-

teolepididae from the Megalichthyidae. The

sharp lateral turn of this part of the endocranium

where it attaches to the roofing bones, does seem
to be a distinctive feature of the Megalichthyidae,

even though the angle may be somewhat less than

a right angle in E. nitidus. Romer (1937) figured

this structure as oblique rather than transverse in

its orientation, but we consider he was in error;

the chamber has been partly excavated in

MCZ6499without reaching the wall, which must
therefore be more nearly transverse than he con-

sidered it to be.

Borgen (MS) pointed out that the first use of a

family-level designation involving the use of the

stem name Megalichthys was in a list published

in 1902 by Hay. However, Hay did not define the

family, and he included a number of genera that

today would be regarded as only distantly related

to Megalichthys. In 1962, Vorob'jeva considered

that Megalichthys, as she then conceived it, was
a Carboniferous form derived from an Osteolepis

stock in the Middle Devonian, and she retained

Megalichthys in the Osteolepididae. The discov-

ery of Late Devonian megalichthyids in Turkey
(Janvier, 1983) showed that the Devonian origin

of the group is correct, although it may not extend

back to the Middle Devonian. Vorob'jeva (1977)

considered the Megalichthyinae to be one of a

number of subfamilies, although she did not as-

sign genera to it.

Young et al. (1992) defined the Mega-
lichthyidae so as to include Megalichthys,

Ectosteorhachis, Megistolepis and their new
genus Mahalalepis. They used eight characters to

diagnose the family. Seven were roofing charac-

ters of the ethmoid shield and the eighth was the

presence of tusks on the premaxilla. Apart from

the notching of the parietal to receive the poste-

rior nasal, which is a very variable character

(Thomson, 1964a: fig. 6), we accept this list but,

with the exception of Long, we consider that it is

too incomplete to meet the needs of an effective

classification.

In this family we include Megalichthys

Ag a s s i z , Ectosteorhachis Cope, Clad-

arosymblema gen. nov., the new genus being

described from Norway (Borgen, MS), and a

form referred to as Megalichthyidae gen. et sp.

nov. by Janvier (1983). The diagnostic characters

cannot be observed on all these genera, but they

are almost certainly present on Megalichthys,

Cladarosymblema and Borgen* s new genus.

Most of the characters are known on the other two

listed, and the apparent absence on the others is

the result of a lack of data rather than the presence

of different structures. Janvier's Turkish speci-

mens consisted of an ethmoid unit and part of a

mandible only, and consequently it is impossible

to be certain of the assignment. However, it does

have the characteristic fiat snout, the tusk and pit

on the premaxilla, the semblance of a divided

prenasal fossa, a slit-like anterior naris, and olfac-

tory canals separating at a low angle from a point

behind the mid-length of the ethmoid unit. There
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is a high probability that it is correctly assigned

to the Megalichthyidae, although we remain un-

certain about its generic relationships.

Megistolepis and Mahalalepis, which were
placed by Young et al. (1992) in the family are,

in our opinion, too poorly known to assign to the

Megalichthyidae with confidence. Megistolepis

is known from two Late Devonian species from
Russia, neither of which shows adequate diagnos-

tic features. However, we note that there is no
tusk on the premaxilla and that, although the

vomers are transverse in outline, they* have two
tusks or pits on each. The prenasal fossa is di-

vided, and the figure given by Vorob'jeva (1977:

fig. 35B) seems to show that the olfactory canals

extend back to the posterior third of the ethmoid
unit; both of these characters are known at present

exclusively in members of the Megalichthyidae.

Our view is that until more material is found,

there are sufficient differences from the standard

Megalichthys to make it unwise to assign this

genus to a higher taxon. Vorob'jeva (1977) as-

signed it to the subfamily Megistolepinae of the

family Osteolepididae.

Mahalalepis is known from a single fragmen-
tary ethmoidal shield. Most of the characters we
consider to be diagnostic of the family have not

been preserved and so three of the authors of this

paper are not prepared to comment further on its

assignment. Long, however, still considers that

on balance it is probably a megalichthyid.

Schultze (1988) placed Lohsania (Thomson &
Vaughn, 1968) with Ectosteorhachis in the
Megalichthyinae. Thomson & Vaughn made
comparisons of the otico-occipital roof and the

scales of Lohsania with Ectosteorhachis, but they

pointed out that the structure of the vertebral

centra differs in the two genera (Thomson &
Vaughn, 1968: cf. figs 2 & 8). Lohsania lacks the

structure of the centra found in Ectosteorhachis,

Megalichthys or Cladarosymblema. In addition,

the mandible of Lohsania is short and deep com-
pared with that of Ectosteorhachis, but informa-

tion on its other features remains unknown; no
ethmoid or otico-occipital units were recovered

from the same locality as the holotype, and hence
the homogeneity of the paratype sample cannot
be guaranteed. Although Schultze (1988) com-
pared the new form he was describing from the

Pennsylvanian of Kansas with Lohsania, the ev-
idence of a relationship is restricted to a similarity

in external outline, and even that is not great. We
consider the mandible figured by Schultze (1988)
cannot be definitely assigned. Until new data

become available no worthwhile judgments can

be made about the taxonomic relationship of
Lohsania.

Cladarosymblema gen. nov.

Type Species

C. narrienense sp. nov. from the Raymond
Formation, Early Carboniferous (Visean), in the

Drummond Basin, Queensland.

Diagnosis
Lateral line canal in front of posterior nasal

sharply deflected mesially. Lateral ex-
trascapulars and post-temporals large. Denticu-

lated anterior part of parasphenoid long, very

acute, but terminating well behind median pro-

cesses of vomers. Wide parasymphysial plate

turned posteriorly at lateral extremities, and cov-

ered with small denticles; lateral ridge on
coronoids reduced and devoid of denticles;

postglenoid process large and well-rounded; pre-

articular produced into acute anterior termina-

tion, usually non-denticulate; lateral line pores

large; no oral branch of lateral line canal in sur-

angular.

Etymology
Kladaros (Gr) = weak; sym (Gr) = together;

blema (Gr) (n) = cover. Referring to the fact that

the dermal bones and scales of the specimens
have fallen apart during preservation.

Remarks
The above diagnosis is a minimal statement

distinguishing this new genus from other mem-
bers of the family Megalichthyidae. We now
discuss in detail the means by which the genus
can be distinguished in turn from Megalichthys,

Ectosteorhachis and the new Norwegian genus
described by Borgen (MS), and we comment on
other features likely to become useful with the

advent of new knowledge.

Because material from the type locality of this

new genus has been referred to previously as

Megalichthys, or as being akin to Megalichthys,

for example by Long (1989) and Turner (1993),
it is important to be explicit about the differences

between the two genera. Comparison between
Cladarosymblema and Megalichthys, as repre-

sented by the type species M. hibberti, leaves no
doubt that the two are distinct, although many
differences are only in the relative proportions of
various elements. Wehave examined some of the

specimens in the Royal Scottish Museum, two in

the Hancock Museum in Newcastle-upon-Tyne,
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FIG. 5. Cladarosymblema narrienense. Dorsal view of

the holotype, QMF21082. Scale: 10mm.

and a cast of the specimen from the Hunterian

Museum, Glasgow, on which Jarvik's (1966) de-

scription was based. In addition we have used an

advance copy of Borgen's review of the European

species of Megalichthys (Borgen, MS).

One obvious difference is the size of the pores

in the snout, those of Megalichthys being very

large, and those of Cladarosymblema much
smaller. Wehave considered the possiblity that

this difference is related to size of the specimens

examined, or to resorption of tissue from the rims

of the pores during cosmine replacement, but it

seems more likely to be a taxonomic feature. A
second obvious difference is the more anterior

position of the external narial opening in

Cladarosymblema, a feature it shares with
Ectosteorhachis and Borgen's new genus from
Norway. The posterior process on the prearticular

that carries the tusk is snorter in

Cladarosymblema than in Megalichthys, the

tusks are more anteriorly placed, and the teeth on
the margin of the premaxilla anterior to the tusks

are more reduced or even absent. The number and

position of the postrostrals is also a possible

means of differentiating Megalichthys from
Cladarosymblema, but in both genera the number
of specimens in which the bone boundaries are

not obscured by cosmine is small, and among the

useful ones the variation is too large for definite

conclusions to be reached. (We have already

noted our reservations about the taxonomic use

of these bones.)

More information is needed on the endocra-

nium of M. hibberti to make an adequate compar-
ison of the endocranium of Cladarosymblema;

the main description available is that of Jarvik

(1966), which deals with the ethmoid unit only.

Wedisagree with Jarvik about some important

parts of the anatomy of this unit. In particular, we
consider it possible that the posterior process of

the vomer is not as he claimed; it seems more
likely that the bone he interpreted as this process

is a cracked piece of the surface of the endocra-

nium. Wedo not accept that there is an inter-

vomerine pit in the position he indicated. There

are other foramina on the endocranium lateral to

the posterior end of the parasphenoid, in addition

to those indicated by Jarvik. These will be com-
mented upon in the appropriate places below. We
now comment on differences between
Megalichthys and Cladarosymblema in dermal

characters.

Examination of well-preserved specimens of

M. hibberti has convinced us that no inter-pre-

maxillary bone (Schultze, 1974) is present, and

that the tusk and pit seen in this region are on the

premaxilla. Several specimens of C. narrienense

in which the radiation centres and boundaries of

the bones can be discerned on internal and exter-

nal surfaces (Fig. 27A,D), show no evidence of
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FIG. 6. Cladarosymblemanarrienense. Ventral view of

a cast of the holotype, QMF21082, made prior to the

removal of the left gular and submandibular plates and
the scales on the ventral surface of the lobe of the left

pectoral fin. Scale: 10mm.

an inter-premaxilla either, and hence we do not

consider this point further.

C. narrienense and some specimens of M.

hibberti have similarly shaped parietals, which

are deeply notched anterolaterally to receive the

posterior nasal and are widest immediately be-

hind the nasal. Thomson ( 1 964a: fig. 6) illustrated

several variants of this basic shape in M. hibberti,

but the usual form is very similar to that in G

narrienense. Hence we do not consider this to be

a useful feature for distinguishing the two genera.

The skull roof of the otico-occipital unit of

Megalichthys is best known from M. laticeps

(Bjerring, 1972) and the work on M. hibberti by

Borgen (MS). The relationship between M.
laticeps and M. hibberti is not well understood,

and indeed the two may be conspecific. Bjerring

(1972) described a remarkable branch of the su-

praorbital lateral line canal extending into the

postparietal, and Borgen (MS) has illustrated a

specimen of M. hibberti in which remnants of the

canals are visible on the visceral surface of the

postparietal. X-rays, and the broken surfaces of

bones, show that no such canal is present in C
narrienense. The transverse pit-line on C. nar-

rienense is continuous across the postparietal and

tabular bones, and turns backwards slightly at its

lateral extremity. A shorter posterior line runs

posterolaterally from near the inner end of the

main line, but the two do not join. In M. hibberti

the transverse line is variable (Borgen, MS); in

some specimens it is continuous across the

postparietal and tabular bones, but in others it is

a short discrete segment on each bone. Bjerring

also inferred from the shape of the tabular (his

supratemporal) that a small extratemporal must
have been present, although it had not been ob-

served by previous workers. All of our specimens

of C. narrienense in which this part is preserved,

show an edge on the supratemporal for the artic-

ulation of an extratemporal, and on some speci-

mens a small branch of the lateral line canal

extends into the space that would have been oc-

cupied by such a bone. We conclude that an

extratemporal was present, but its shape remains

conjectural.

The endocranium of the otico-occipital unit of

M. hibberti is so poorly known that comparisons

with C narrienense are not possible.

According to Schultze (1974), the olfactory

tracts of Megalichthys sp M cf. M. hibberti from
the U.S.A. diverge from the braincase at c.90\ the

division lying about one-third of the length of the

ethmoid unit from its anterior end. Jarvik (1985)

considered that the evidence for this was dubious,

and certainly it is true that the preservation of the

specimen figured by Schultze leaves something

to be desired. However, C narrienense, pre-

served in the same way, shows that Schultze's

interpretation of that specimen is probably cor-

rect. Despite this we consider that it is necessary

to confirm that the British specimens of M.
hibberti share this arrangement. The limited

available evidence implies that they do not do so.
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In comparison with Cladarosymblema,

Ectosteorhachis has less club-shaped
postparietals, a weaker notch in the parietals for

the posterior nasals, strongly tuberculate cosmine
(Thomson, 1975), wider and less acute anterior

denticulate part of the parasphenoid (Thomson,
1964a,b), an otico-occipital unit making a strong

processus connectens (Romer, 1937), a more
oblique orientation of the endocranium forming

the posterior wall of the trigeminofacialis cham-
ber (Romer, 1937). (Our direct examination of

Romer' s material, shows that his reconstruction

is inaccurate in respect to the last point, and the

wall in question is more nearly transverse than he

showed.)

The mandibles of the two genera provide sev-

eral useful distinguishing features. The adductor

fossa is longer and broader in Ectosteorhachis,

the coronoids have a row of denticles along their

lateral edges, and these are continuous with the

denticles on the parasymphysial plate;

Cladarosymblema has no denticles on the lateral

edges of the coronoids. In Ectosteorhachis the

denticles on the prearticular are more robust and

extend to the anterior end of that bone, whereas

in Cladarosymblema they are much weaker and,

if they reach the anterior end, they are limited to

the dorsal edge. One of Romer' s specimens,

MCZ6999, has an unknown number of small,

approximately equidimensional submandibulars

that are certainly more numerous than the 6 - 7 in

Cladarosymblema, On the other hand, Thomson
(1975: fig. 36) has illustrated a specimen with

submandibulars not unlike those of

Cladarosymblema, although still numbering 8-9.

Weare unable to judge the significance of these

data.

Cladarosymblema narrienense sp.nov.

Material Examined
Holotype: QMF21082, the anterior part of a fish

including the skull, pectoral fins, and part of the scale-

covered trunk (Figs 5-6); collected from the fine-

grained sandstone immediately above the limestone

about 1km north of the Police Mountain Track (Fig. 2).

Paratypes: QMF21083-21111; 26537-26576;
31858-31907; 33046-33058: Same locality as the ho-

lotype.

Diagnosis

As for genus.

Etymology
From the Narrien Range, the dominant topo-

graphical feature in the vicinity of the outcrop at

the type locality.

Description

External Dermal Bones of the Skull
Ethmoid Unit. Two relatively complete roofs of

the ethmoid unit (QMF21083 and 211 10), seven

other large fragments, several smaller fragments

including an isolated premaxilla, and several de-

tached rostral ends are known. The ethmoid unit

withstands erosion better than the more posterior

parts of the skull because it has a downturned rim

and a marginal thickening of the premaxilla. The
dermal bones of the unit are completely covered

with cosmine; an occasional plate shows a weak
blister, but none shows the blistered texture that

accompanied regrowth in Ectosteorhachis. On
the anterior half of the roof cosmine has obliter-

ated sutures making identification of individual

bones difficult. However, QMF21097 (Figs

7C,E; 8C), 21095 (Fig. 7F-I) and 21111 (Fig.

27C-D) show these bone outlines almost com-
pletely, the first on the external surface and the

others on the internal surface.

On QMF21083, 21 108 and 21 1 10 the parietals

are well preserved (Figs 7A,B,D; 8A,B,D); on the

holotype, weathering has removed detail from
central parts of the parietals, and lateral outlines

are indistinct. Parietals occupy slightly more than

half the length of the ethmoid unit. The interparie-

tal suture is almost straight, but with a slight

irregularity over its posterior half in some indi-

viduals. There is no pineal foramen. The parietal

outline is distinctive with an anteromesial projec-

tion and a deep anterolateral angle to accommo-
date the most posterior nasal. The widest part of

the parietal is at the suture with the posterior

nasal, behind which is a gradual taper to the

posterior margin of the shield. In some specimens

this taper is straight-edged and in others it has a

slight double embayment. Weassume that a su-

praorbital and an intertemporal articulated with

the parietal, although no examples of these bones

have been found. The supraorbital part of the

lateral line canal passes from a posterolateral

direction into the parietal, slightly anterior to the

midlength of the intertemporal notch, and exits

through the anterolateral edge of the parietal. A
strong arcuate anterior pit-line lies on the poste-

rior third of the bone but fails to reach the median
suture.
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FIG. 7. Cladarosymblema narrienense. A-I, views of the roofs of isolated incomplete ethmoid units showing
variation of dermal bone patterns. In A and B, QMF21083 &2 1 108, the more rostral sutures have been obliterated

by cosmine. C, QMF21 097 shows the most extensive suture pattern found. D, QMF21 1 10 has incomplete sutures

rostrally, but shows extensive resorption of cosmine in patches and growth of a number of cosmine blisters. E,
X-radiograph of QMF21 097 figured in C. F,G, QMF21 095 in ventral view and X-radiograph in same orientation,

showing radiation centres of dermal bones and the course of the lateral line canals. H,I, dorsal and posteroventral
views of the same specimen. Note radiation centres and lateral line canals in F and I, and cutaneous sensory
pore clusters on all dorsal views except D. Scales: 10mm.
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anterior

tectal

'parietal

median postrostrals

FIG. 8. Outline diagrams of specimens shown in Fig. 7. Lateral line canals

are drawn from X-radiographs, and the bone outlines reconstructed from

all sources. A, QMF21083. B.QMF21 108. C, QMF21097. D, QMF2I 110.

E, QMF21095. n = nasals; pr = postrostrals.

QMF21083, 21097, 21111 and 21547 each

have a single symmetrically placed median
postrostral, but QMF21110 (Figs 7D; 8D) has

three asymmetrical bones occupying the same
space; in QMF21 108 overgrowth by cosmine has

almost obliterated the sutures between the me-
dian postrostral and surrounding bones (Figs 7B;

8B). Between the premaxilla, the median
postrostral and the anterior tectals and lateral

rostrals, the roof is covered by small irregular

bones (Figs 7C,D,E; 8C,D,E; 27A,C,D). Identifi-

cation of the bones of the nasal and postrostral

series is a problem. Nasals are normally
recognised by the presence of the lateral line

canal, and the postrostrals lie between the canals

anterior to the median postrost-

ral. QMF21095, 21097, 21111

and 26540 are very instructive

in this context, because the en-

docranial material has been
stripped away revealing the

pores opening to the external

surface, the centres of radiation

of the dermal bones and, deeply

buried in the dermal bones, the

lateral line canals whose posi-

tion and size can be checked by
X-radiography. These canals

do not pass through the centres

of ossification of most of the

bones (Figs 7E,F,G; 8C,E). In-

stead, they often bypass the

bone centres or run along the

sutures. For example, the left

side of Fig. 7E and 8C shows
the canal lying along the suture

between the most posterior

postrostral and the neighboring

small nasal, and Fig. 7F-G
show the canals partly along

sutures on both sides of the

specimen. The variable distri-

bution of lateral line pores re-

flects great variation in the

length of the tubules from the

main canals. For example, the

right side of Fig. 7E shows ex-

tremely long tubules from the

supraorbital canal extending

mesially into bones we label as

postrostrals, and Fig. 27D also

shows long mesially directed

tubules. This variation makes it

impossible to use the pores to

locate the canals precisely. Be-

cause the canals cannot be unambiguously posi-

tioned from a study of the pores on the external

surface, and in places the canal is not unequivo-

cally in one bone or its neighbour, the recognition

of nasals and postrostrals is frequently ambigu-

ous.

In Figs 7F,G, 8C,E and 27D, the canal swings

sharply anteromesially on emerging from the

posterior nasal, but its course relative to the bones

of this region varies from specimen to specimen.

On the left in Figs 7F,G and 8E it passes through

the anterolateral corner of the bone flanking the

median postrostral. Presumably, therefore, strict

application of the definitions implies this bone

has to be a nasal. On the right the bone that

median
postrostral
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unambiguously carries the canal is not in contact

with what appears to be the median postrostral if

only one of them is present. As shown in Fig. 7D
and 8D, however, more than one may be present.

Wetherefore consider that one interpretation of

Fig. 8E is that it has two median postrostrals.

Alternatively, the right one of the pair so labelled

could be a postrostral like that on the left of the

median postrostral in Fig. 8C. In the more anterior

nasals, the canal turns forwards and slightly lat-

erally to join the infraorbital canal in the premax-
illa in the usual osteolepiform manner. The nasals

from the two sides meet medially, and so in this

specimen the only definite postrostral is the me-
dian. A similar absence of postrostrals has been
inferred for QMF211 1 1 (Fig. 27D), although the

situation is not so clear. However, in QMF21097
(Fig. 7C, E), which has all the bones visible on
the external surface, three small bones lie be-

tween the nasals and in front of the median
postrostral; these can only be postrostrals. In ad-

dition, the bone anterolateral to the median
postrostral on the left side has the canal along its

suture, whereas the equivalently placed bone on
the right clearly has the canal in its anterolateral

corner. The bone on the left could be considered

a postrostral and the one on the right a nasal. This

seems to us to be entirely arbitrary, and we label

them both as postrostrals. In this specimen, the

nasals do not meet medially, and the intervening

space is occupied by at least three small

postrostrals. We conclude that the number of

postrostrals is highly variable in this species.

Small tectals are present on all specimens, be-

tween the lateral line canal-bearing bones and the

circumnarials, although these are usually not vis-

ible on the external surface due to the cosmine
cover. They are best observed by X-ray or by

cleaning the internal surface (Figs 7E-I; 8C,E;

27A,C,D). Their number and size varies between
specimens and on opposite sides of a single spec-

imen. On Fig. 7G a strong offshoot from the

supraorbital canal enters the posteriormost of

these bones on each side of the specimen. On the

left side of Figs 7C and 8C,E, a small tectal

bearing a sensory pit cluster lies on the mesial

side of the lateral rostral, and on the right side a

similarly placed bone is present, although no

lateral rostral is preserved. Also, on the flank of

the left premaxilla in Fig. 27A, tectals can be

recognised from their radiation centres. Wesee

no value at present in trying to homologise indi-

vidual bones in the series.

The premaxilla is complete or near complete in

three individuals in which the whole roof of the

ethmoid unit is preserved (the holotype,

QMF21083, and 21 1 10), as well as in five frag-

ments (QMF21095, 21097, 21104, 21105,
21111) consisting of the bone itself and a few
small more posterior bones adhering to its edge
(Figs 7A,C,F-I; 8A,C,E; 21A,C; 22; 27A-D). In

all of these specimens, cosmine has obscured the

sutures between the premaxilla and its neigh-

bours. The premaxilla is transverse and follows a

broad arc across the front of the upper jaw. It has

a strongly thickened bar across its inner surface,

and this joins the endocranium; this rim produces

a distinct furrow along its inner surface behind

the teeth. On each side of the midline along the

edge of the bone there are 16-20 small teeth, all

of approximately the same size. Towards its lat-

eral extremities the posterior face of this inner bar

of premaxillary bone is marked by a posterior-

facing area of horizontal grooves and ridges (Figs

21 A; 22; 25D) that seem to have met the similarly

ridged anterolateral surface of the vomers. At the

median suture, some specimens (QMF21097,
21 104) show a tusk on one side and a pit on the

other (Fig. 20A), but in others two tusks are

present side by side (Figs 21 A; 22). To make
room for these two tusks, the premaxilla is swept

back i nto a short process that lies on the endocran-

ial internasal ridge. This median process is rela-

tively much shorter than its equivalent in

Megalichthys hibberti, and does not extend back
almost to the parasphenoid as Jarvik (1966: figs

17,19) indicated for that species. In some of our

specimens, the row of small marginal teeth does

not extend across the front of the tusks, but on
QMF21083, 21095 and 26541, small teeth do
occur in this position, and on QMF26540 a row
of even smaller teeth crosses in front of at least

the left tusk, the edge of the right bone being

missing. These differences are probably individ-

ual variants.

The deeply buried infraorbital canal, which
runs in the thickened bar across the inner face of

the premaxilla, is joined by the supraorbital canal

at the ossification centre of the bone. The in-

fraorbital canal opens laterally either in the apex

of the lachrymal notch or along the limb of the

premaxilla that borders the notch ventrally, but

never in the lateral rostral. Consequently, the

maxilla, which does not carry the lateral line,

must have met the premaxilla only below the

opening for the canal; most, if not all, of the notch

would therefore have been occupied by the end
of the lachrymal. Wecan find no evidence of a

premaxillary canal in the position shown by
Jarvik (1966: fig. 14C) for Megalichthys hibberti.
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FIG. 9. Cladarosymblema narrienense. Dorsal views of the roofs of three otico-occipital units. A, QMF21085
with highly flexed median suture. Compare with holotype. B, QMF21084has well-developed cutaneous sensory

pore patches on the supratemporals. C, QMF21096 has two peculiar features: the apparent foramen in the

mid-line, and sutures in the anterior end of the postparietal and the posterior end of the supratemporal. All of

these are indicated on Fig. 10. Scale: 10 mm.

In that figure he shows the infraorbital canal in

the lateral rostral, and a more ventrally placed

canal in the premaxilla. Weconsider that one of

these canals, probably the one in the premaxilla,

is the true infraorbital, and the other one is an

offshoot from it. The lateral line in the premaxilla

opens to the external surface via an irregular row
of pores just above the edge of the lip. Internally,

it opens behind the teeth in a row of pores; these

may be large (Fig. 20A), a mixture of large and
small (Fig. 21A,C), or small throughout (Fig.

27A,C). Even the largest pores have edges of

finished bone, so their size is not a consequence

of the etching process. Pores in this position

would scarcely have carried seismosensory neu-

romasts, nor are they effectively placed to house
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pore cluster..
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pit-line

post parietal
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FIG. 10. Outline drawings of the same specimens as Fig. 9. X is an anomalous foramen, and Y and Z are

anomalous sutures.

electrosensory receptors. On the other hand, they

would be well situated to serve a chemosensory

function. Weconclude that the lateral line canal

in this region carried a variety of nerve fibres.

There is no groove between the premaxilla and

the adjacent parts of the circumnarial bones as

Westoll (1937,1940) claimed for Eusthenopteron

and other osteolepidids (but cf. Panchen,1967:

394). The lateral line canal in Cladarosymblema

passes more ventrally, from the premaxilla to the

lachrymal; it does not enter the circumnarial

bones. This may be considered to raise a question

about our identification of the lateral rostral,

which is usually thought to carry the infraorbital

canal in its anterolateral projection (Jarvik, 1 966:

fig. 14). Weare of the opinion that the presence

of the canal in the lateral rostral has not been

established in all megalichthyids, and await fur-

ther data on this matter before considering the

issue seriously.

QMF21111 shows a second sensory system in

the snout. Internally, subjacent to the premaxilla,

the median postrostral and intervening bones, an

array of ossified tubules passes through the vesic-

ular endocranial bone (Fig. 27C). These tubules

are clearly not of dermal origin, and follow a

different course from the lateral line canals in the

overlying bones, as can be seen by superimposing

Figs 27C and D. A branch of the main tubule

trunk runs across the front of the median postrost-

ral and turns back in the midline to meet its

antimere. The main trunk runs anteromesially

beneath the nasals and postrostrals and subdi-

vides to form a ramifying series of tubules. Along
the edge of the endocranium, where it is sutured

against the palatal lamina of the premaxilla, these

tubules open into foramina and then into the front
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wall of the nasal capsules. They also communi-
cate in some places via short cross-tubules with

the lateral line canals. In QMF21110, an ethmoid

fragment that has had the palatal region eroded

away exposing the mid-levels of the endocranium

(Fig. 21C), the tubules do not occur more deeply

in the vesicular endocranial bone. Although we
have no specimen that offers unequivocal infor-

mation, the tubules probably connect posteriorly

with foramina in the antorbital wall, interpreted

as carrying branches of the profundus super-

ficialis V or ophthalmicus superficialis VII or

both. The restriction of the tubules to the region

immediately underlying the dermal bones sug-

gests that they were not part of a blood vascular

system supplying tissues in the snout generally.

These tubules are not approximately straight,

do not bifurcate in the same way, and are fewer

in number than the ramifying tubules in the snouts

of Devonian dipnoans (Campbell & Barwick,

1982, 1984, 1987; Cheng, 1989), in Diabolepis

(Chang & Smith, 1992) and in Youngolepis

(Chang, 1982, 1991). Weare not convinced that

the tubules in the two groups are homologous.

(See Functional Interpretations: Tubules in the

Snout, for further discussion.)

Groups or patches of pores that lie in slight

depressions have been observed on all ethmoid

units, although their distribution is not symmetri-

cal on all individuals and they do not occur on all

specimens in the same places. Jarvik (1966: fig.

1 5) referred to these as 'special cutaneous sensory

organs'. The patches contain any number of pores

from 4 to 45. The individual pores are generally

separate, but on some individuals two or more are

enclosed within a rim that is usually bent and may
even be U-shaped (Fig. 7A-C). The most com-
mon dispositions of the pore patches are as fol-

lows: one on each posterior nasal; one just above

the lip in the angle between the supraorbital and

the commissural canals; one or two mesial to the

external narial opening; and one posteromesial to

the external narial opening. Each patch is close to

a lateral line canal if not actually in a lateral line

bone, but we have not been able to establish a

connection between the pores and the lateral

lines. On the contrary, QMF211 1 1 shows pores

on the inner surface of a bone that has a patch of

pores externally, suggesting that they open di-

rectly to the internal surface. Other patches show
no evidence of such openings internally, nor any
connection with the lateral line canals.

Because of cosmine cover, only QMF21097
and 21110 show evidence of a suture between the

lateral rostral and the anterior tectal dorsal to the

narial opening, although these bones are clearly

sutured ventral to the opening on several speci-

mens. The two bones are normally distinguish-

able on the internal surface, and are
approximately the same size. The pattern of cir-

cumnarial bones is more similar to that of

Ectosteorhachis nitudus (Thomson, 1964a) than

Megalichthys hibberti (Borgen, MS).

Surprisingly well-preserved circumnarial

bones bear fine denticles arising from the surfaces

lining the narial opening (Fig. 28B,C). These are

usually isolated and bear a single pointed cusp,

but some are bi-cuspid or even tri-cuspid (e.g.,

QMF21108, 21 1 10, 21111). Denticles occur on

all specimens in which this region is well pre-

served, so there is no doubt about their reality.

They occur on both dorsal and ventral surfaces of

the circumnarial bones, and although they vary in

extent between different individuals, no part of

the rim seems consistently free of them, and on

QMF21108 they are densely distributed around

the entire rim (Fig. 28C). Apparently such struc-

tures have not previously been described in other

osteolepiforms. Borgen (MS) has noted abraded

tubercles (or minute foramina) in a similar posi-

tion in his new megalichthyid from Norway. It

seems likely that the denticles are so small that

they could not be exposed in their entirety by the

mechanical preparation of his specimens. Distri-

bution of these denticles puts constraints on the

reconstruction of soft tissue structures such as

glands, hypothesised for Eusthenopteron and

Megalichthys (Jarvik, 1966, 1980). It is highly

improbable that glandular tissue would have been

situated on the surfaces described.

When viewed through the ventral opening of

the nasal capsule of better preserved specimens,

much of the dorsolateral wall of the capsule is

made of lateral rostral and anterior tectal bones,

their inner surfaces crossed by more or less con-

centric striations (Fig. 28A-C). The nature of

these striations is not obvious, but it is probable

that the cartilage of the wall of the nasal capsule

was applied to this surface. The surfaces and

edges of these bones are finished, showing no
signs of breakage, and the endocranium laps on
to their sides making a clear sutural contact. We
have carefully examined the edges of these bones

in view of the importance that has been attached

to the existence of the 'processus
dermintermedius' and the 'processus tectalis* by
Jarvik. In some individuals, (QMF21108 and
possibly QMF211 11), much of the internal rim

projects inwards beyond the adjacent parts of the

capsule lateral wall. However, this projection
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constitutes the rim itself and seems never to form
a thin flange that arises from the rim as in Eu-
sthenopteron foordi (Jarvik, 1942, 1966, 1980)
and Gogonasus (Long 1985a, 1988). The project-

ing part of the rim in Cladarosymblema has both

lateral rostral and anterior tectal components; that

is, it includes parts of the rim that could give rise

to 'dermintermedius' and 'tectalis' processes.

QMF21083, our best preserved specimen, shows
that the rim does not project far enough to occlude
any part of the fenestra endochoanalis beneath, as

Rosen et al. (1981 : 191) claimed for Eusthenopte-

ron; nor does the processus dermintermedius or

tectalis occlude any part of the fenestra en-

dochoanalis in the holotype of Gogonasus
(ANU21885). No endocranial tissue, such as in

Jarvik' s (1966) 'processus intermedius', takes

part in the formation of the ventral rim or flange;

nor is there a 'processus palatinus* or passage for

an infraorbital sensory canal, as in Megalichthys
(Jarvik, 1966:73). Jarvik (1966) illustrated a de-

pression in the posterior part of the
'dermintermedius' and thought that this may
have housed a lateral nasal gland (see caption for

his fig. 12). Our specimens show no discrete de-

pression in that position, although QMF21083
has a slight embayment in the outline of the flange

in the appropriate position (Fig. 28B,C). In that

specimen, the embayment is in the tectal rather

than the 'dermintermedius', and we consider it to

be without anatomical significance. As already

noted, the distribution of denticles across all of

these surfaces precludes their association with

glands in any case. In sum, we see no evidence

that the nasal capsule in Cladarosymblema was
subdivided in the way Jarvik has reported in

Eusthenopteron and Megalichthys.

Otico-occipital Unit. Wehave five well-pre-

served (QMF21056, 21084, 21085, 21086 and
21094) and several fragmentary examples of the

roof of this unit. Our specimens retain only the

postparietals, the supratemporals and the tabulars

(Figs 9-10).

The postparietals are the largest bones in the

entire roof, and in our view their posterior edge

forms the anatomical limit of the skull roof

(Romer, 1941). From their anterior extremities,

the postparietals widen gradually to the level of

the posterior edge of the supratemporals where
they abruptly expand; thereafter they continue to

expand gradually to the rear of the shield. Conse-
quently, the bone has a distinctive outline. The
postparietals extend more posteriorly than the

tabulars and have only a very faint notch at the

median suture. This median suture is straight

anteriorly, but is mildly to strongly zigzag on the

posterior third in different individuals (compare
Fig. 9A,C). The supratemporals are widest just

behind their midlength, having a small facet an-

teriorly for the intertemporal and a thickened

edge for the articulation of the postorbital extend-

ing almost the entire length of the bone. At the

posterolateral corner of the supratemporal there

is always a notch for the spiracular fenestra,

which seems to have extended back onto the

flanks of the tabular (Figs 9; 29). A distinct facet

on the posterolateral edge of the tabular was for

the articulation of the extratemporal. That bone is

not preserved on any of our specimens. In its

overall pattern, the otico-occipital shield closely

resembles that of Megalichthys laticeps, as de-

scribed by Bjerring (1972).

For the articulation of the ethmoid unit, the

anterior edge of the supratemporal has a device

that is similar to that in Megalichthys laticeps

(Bjerring, 1972). A flat supratemporal process

(fronto-dermosphenotic of Bjerring) on the su-

pratemporal extends forwards beneath the inter-

temporal; this process has a deeply grooved
ventral surface (Fig. 29A,B). Dorsal to the pro-

cess is a transverse socket that articulated with the

reciprocal edge of the intertemporal. On its inner

edge, this socket is continuous with a deep poste-

riorly directed groove that runs along the side of

the braincase.

Well-preserved posterior edges of skull tables

(Figs 9A,C; 38A,B) show that the tabular and the

outer part of the postparietal have a slit in the edge

of the bone, the lip below the slit extending pos-

teriorly to form a shelf for the articulation of the

lateral extrascapulars. Mesially the situation is

quite different. Under the mesial part of the

postparietals, the endocranium is tightly ap-

pressed to the dermal bone and extends posteri-

orly beyond its edge to make a platform for the

articulation of the median extrascapular; no slit

occurs in the edge of the dermal bone.

The course of the lateral line canals has been

observed by tracing the pores on the surface, by
the position of openings on broken bone surfaces,

and by X-radiographs (Fig. 30). The canal enters

the skull table at the posterolateral corner of the

tabular and runs forward through the length of the

supratemporal to emerge just lateral to the supra-

temporal process. A branch, which seems to be

represented by more than one ramus, runs from
the tabular into the postulated extratemporal. Un-
like Megalichthys laticeps, Cladarosymblema
has no branch of the lateral line canal from the
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FIG. 1 1 . A, lateral view of right quadratojugal (qj) and the posterior part of maxilla (m) of the holotype of
Cladarosymblema narrienense, QMF21082. B,C, internal views of left and right maxillae of Gogonasus
andrewsae, ANU49259, showing ridge dorsal to the tooth bases and extending forwards into a flange (arrow)

that forms the posterior edge of the choana. D,E, external and internal views of an almost complete left maxilla

of Cladarosymblema narrienense, QMF26551 . Note the posterior edge is not quite complete, the true shape of
this part of the bone shown on Figs 1 1 A and 14B. The anterior end is also slightly incomplete, but the posterior

edge of the choana is partly represented. Scale: 10mm.

supratemporal into the postparietal, and the

postparietals have no pores on their surfaces.

Pit-lines are not deeply inscribed, but they can
be distinguished on five specimens (QMF21056,

21084, 21085, 21086 and 21098). The longer one

runs from the postparietal anterolaterally across

the tabular and is slightly deflected posteriorly,

before terminating just inside its lateral margin
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(Fig. 10A,C). A shorter branch, restricted to the

postparietal, runs posterolaterally from the inner

end of this line.

A reconstruction of the whole roof of the spe-

cies is given in Fig. 14A.

Maxilla and Cheek. No complete cheek is

available, but its main features can be recon-

structed from the maxilla, quadratojugal, squa-

mosal, jugal and postorbital. The posterior

position of the maximum height of the maxilla,

the large quadratojugal, the almost equidimen-

sional outline of the squamosal, the relationship

of the lachrymal to the maxilla, and the shape of

the anterior edge of the opercular, enable us to say

that the cheek was relatively shorter than in other

osteolepiforms, and that the vertical axis of the

preopercular was almost at right angles to the line

forming the ventral edge of the maxilla (Fig.

14B).

Three maxillae are known, two broken ones in

position on the holotype, and a third without its

posterior tip that was isolated by acid etching

(Fig. 11D,E). Its height/length ratio is 0.28. Its

highest point is towards the rear, adjacent to the

quadratojugal. At its anterior end, QMF26551
has a peculiar disruption of the cosmine, giving

the appearance of being a composite structure.

However, we can see no evidence of two centres

of ossification in the X-radiographs. Anteriorly,

adjacent to the disrupted cosmine, is a patch of

special cutaneous sensory pores similar to those

on the skull roof. Jarvik (1966: fig. 15 A) showed
a similarly placed patch in Megalichthys. Unlike

that of Megalichthys, however, the maxilla of

Cladarosymblema shows no openings to the in-

fraorbital sensory canal, which was confined to a

more dorsal position within the lachrymal.

There has been endless argument about the

existence of a choana in osteolepiforms. Rosen et

al. (1981) claimed that what had been interpreted

as a choana in Eusthenopteron, the best known
osteolepiform genus, was in fact a pit for the

reception of a mandibular tusk. This statement

has caused much confusion; the summary of the

matter given by Chang Mee-mann (1991) still

expressed reservations about the reliability of the

data. In the light of this, the material described
herein offers vital support for the existence of a

choana in osteolepiforms. On the dorsal side of

the anterior tip of the maxilla is a triangular

process that articulates, in part, with the lachry-

mal, while anteriorly the maxilla abutted the pre-

maxilla. In Gogonasus this process has an
overfolded tip which, when the maxilla is reas-

sembled against the palatine bones and the pre-

maxilla, forms the posterior margin to an ovate

opening that is ideally placed to be the choana.

The process on the specimen of
Cladarosymblema is worn and does not show this

feature in detail, but what is preserved indicates

that it was of the Gogonasus type. It is important

for the understanding of the osteolepiforms in

general to note that the Gogonasus structure is

also present on the isolated maxilla (Fig. 12C)
from the de Bretizel specimen, which is described

in the ADDENDUMto this paper. Thus it seems
clear that a choana is present in primitive os-

teolepiforms and, as Long (1988) recognised,

there is no evidence that the cavity in the palate

of Gogonasus is for the reception of a tusk from
the upper jaw. Confusion about the presence of a

choana in osteolepiforms is now dispelled.

More posteriorly on the maxilla two protuber-

ances, both of which carry cosmine, break the

dorsal outline. The overlapped edge behind these

protuberances is short and narrow for articulation

with the lachrymal, whereas the posterodorsal

edge behind the maximum height is finished and
bevelled, and is gently convex in outline. The
posterior extremity of this specimen is broken off,

but its outline can be inferred from the shape of

the anteroventral edge of the quadratojugal

against which it would have fitted. This shows
that the maxilla was produced to a postero ventral

point, which is unlike the bone in any other os-

teolepiform genus with which we are familiar

apart from Megalichthys hibberti (Borgen, MS).
The internal surface of the maxilla is generally

smooth, but close to its ventral edge it has a

thickened ridge, highest anteriorly and gradually

decreasing in thickness and height to the posterior

end of the tooth row. This ridge is quite different

overleaf on p. 1 24
FIG. 12. Cladarosymblema sp. Illustrations of specimens isolated from a limestone block collected from the

roadside, and are described in the ADDENDUM.A,B, external and internal views of an isolated right lachrymal,

QMF26522E, showing the posterior overlap and the dorsal articulatory process and groove. C, internal view of

isolated right maxilla, QMF26522A, with posterior end and extreme anterior tip broken off. Note the flange

(arrow) bordering the choana as in Gogonasus, Fig. 1 IB. D, isolated left lateral extrascapular, QMF26522H;
anterior to the left. E, roof of an incomplete ethmoidal unit, QMF26522. Print electronically retouched. Note
the large median postrostral and the pore cluster on the posterior nasal. Scale: 10 mm.
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FIG. 12.
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FIG. 13.
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in shape from the one in Megalichthys hibberti

(Borgen, MS).

The quadratojugal is present on both sides of

the holotype. Its height is c.0.6 of its length, and

its shape is distinctive, having a strong dorsal

embayment with an overlapped edge for the squa-

mosal, and a sigmoid outline anteriorly for the

maxilla; these intersect to produce an acute angle

at its anterodorsal edge (Fig. 1 1 A). The posterior

edge of the bone is broadly convex. A vertical

pit-line is present at its anterior third. Wehave

been unable to distinguish lateral line pores on its

surface; these would be expected if the bone

carried the preopercular canal. Weconclude that

the preopercular bone carrying its canal passed

posterior to the quadratojugal. This interpretation

is in accord with the posterior outline of the

quadratojugal, which swings forwards dorsally in

an unusual way for an osteolepiform, to make a

pronounced posterodorsal angle.

A fractured almost complete right squamosal

(Fig. 13F) with its posterior and dorsal edges

broken was identified by the slight overlap on its

anterior and antero ventral edges; the lateral line

passing along its length; and the long highly

arcuate pit-line, which is flexed posteriorly at its

dorsal end and joins with the quadratojugal pitl-

ine at its ventral end. Its outline has been recon-

structed from X-radiographs and the preserved

edges. Contact with the maxilla is short to

vanishingly small. Along the edge with the post-

orbital is a marked underlap, and a much nar-

rower one along the edge with the jugal. Pores

from the lateral line occur over the lower half of

the surface. The pit-line is formed as a single row
of pits spaced 7 per mm. Two patches of small

sensory pores occur anteroventrally, opening

among the pores of the lateral line.

An almost complete jugal (Fig. 13E) is longer

than high, and has a finished ventral edge where
it overlapped the maxilla. The dorsal edge
changes character along its length; anterodorsaily

there is a bevelled orbital margin, behind which
there is a short prominent overlapped flange;

posterior to this, the edge is grooved for the

reception of the postorbital. The anterior edge of

the jugal is largely overlapped by the lachrymal,

whereas its posterior edge is incomplete. The
lateral line canals are strong, the jugal branch

being close to the ventral margin as it enters from
the lachrymal, and it diverges from the ventral

edge posteriorly. The canal is slightly flexed

where it joins the infraorbital canal. A large patch

of sensory pores lies near the junction of the two
canals and a smaller patch just dorsal to it.

One isolated almost complete plate,

QMF33057, is interpreted as a postorbital be-

cause it carries an undivided lateral line canal, has

an overlapped edge against what would be the

jugal, and an edge which could be an orbital

margin. The evidence is not conclusive. The bone

is illustrated in Fig. 1 3G. As will be apparent from

the reconstruction given in Fig. 14, it is difficult

to fit the plate precisely into the space left be-

tween the surrounding bones, but we assume that

individual variation accounts for the main part of

the problem. The preserved bone is sub-triangular

in shape. The points of emergence of the canal are

clear, and a small patch of cutaneous sensory pits

occurs over the canal in a similar position to the

patch in Osteolepis (Jarvik, 1948: fig. 36A).

By matching the pit-line on the quadratojugal

of the holotype with that on the isolated squamo-
sal, it is possible to orient these two bones con-

vincingly. Their posterior edges then stand

almost normal to the ventral edge of the

quadratojugal. Knowing these features and the

shape of the anterior edge of the opercular, we
estimate that the preopercular was a high, short,

vertically-oriented bone, with a gently convex

posterior edge. A reconstruction of the cheek of

Cladarosymblema is given in Fig. 14B.

The cheeks of M. hibberti and E. nitidus are

poorly known. Thomson (1964a: fig. 2A,B) pro-

duced schematic reconstructions of the cheeks of

both species, but without supporting evidence.

Wehave no means of assessing their validity, and
hence have to ignore them in assessing similari-

ties with Cladarosymblema. Borgen (MS) pre-

sented drawings of a specimen of M. hibberti that

is too crushed to permit a reconstruction, but it is

clear that the jugal is short and the quadratojugal

previous page
FIG. 1 3. Cladarosymblema narrienense. A,C, left post-temporals, QMF31 873 and 26537. A small piece has been

broken out of the posterior edge to the right of the lateral line in A; otherwise its margins are entire. Note the

pit-line and the pore cluster on each figure. B,D, lateral extrascapulars, QMF31871 and 31876. B has most of

the anterior margin and a small part of the extreme posterior margin preserved. Chas a complete anterior margin,

but all other margins are broken. E, isolated right jugal, QMF31874. The orbital margin is on the upper right.

F, isolated right squamosal, QMF26575. G, an isolated left postorbital, QMF33057. In all figures, arrows

indicate emergent points of lateral lines. Scale: 10mm.
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high; he also produced information

on the shape of the maxilla of M.
hibberti and his new genus from
Norway. Weconclude that the high

posterior point of the maxilla, the

relatively short squamosal and liie

high quadratojugal, make a com-
munity of characters that differen-

tiate this group of species from
members of the Osteolepididae.

Hence we consider that the cheek

shape is probably of familial signif-

icance.

Gulars and Submandibulars.
These are known from the holotype

and several isolated gulars,
QMF26543, 26544, 26549, 26561,
26562 and 31880 (Figs 6; 16B-D).

The principal gular on the holotype

is a large bone the width of which
is c.40% of its length. The entire

lateral edge shows overlap for ar-

ticulation with the submandibulars,

but the posterior third shows deeper

embayments for the more posterior

submandibulars and the sub-

opercular 2 (Figs 6; 16B). Isolated

plates show an anteromedial em-
bayment for the overlapping me-
dian gular, and overlapped areas

laterally for the submandibulars,

the width of the overlap increasing

posteriorly in Fig. 16D and on the

unillustrated QMF26549. The
overlap is broken off posteriorly in

Fig. 16C. The left principal gular

slightly overlaps the right, at least

anteriorly. The only posteromedial

edge preserved intact suggests that

if there were any overlap it was
very small. It seems most likely that

the two principal gulars lay almost

edge to edge. The surface is cosm-
ine-covered, but the anterior half

shows variable resorption patterns.

The holotype shows a small patch

of resorption rings on its anterior

half (Fig. 16B), but QMF31880 has

a remarkable pattern (Fig. 16D).

This consists of a series of narrow,

irregular, resorption channels that

isolate patches of cosmine with

highly irregular sizes and shapes, a

pattern that is nothing like the stan-

dard Westoll-line resorption pat-

tern found in most dipnoans. At the

nasals

premaxilia post rostrals

tecta

lateral rostral

anterior tectal

posterior nasal-^///

lachrymal-.// //
nil

post rostra!

median post rostral

\ —posterior nasal

palatoquadrate ~j~

extratempora

FIG. 14. Cladarosymblemanarrienense. A, Reconstruction of skull roof

based on all available data. B, Reconstruction of the cheek using the

holotype for the relationship of the maxilla to the quadratojugal, and

isolated jugal and squamosal plates. The lachrymal and the preopercu-

lar are based on the positions of the adjacent bones, and hence have

dotted outlines.
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centre of these resorption rings is a patch of newly
formed cosmine with entire margins, and on the

outer side of the rings is an irregular edge formed

by resorption that was actively resorbing at the

time of death. This is exactly like the pattern

observed on some scales, and in our view repre-

sents the standard mode of cosmine replacement

for the genus.

The median gular (Figs 6; 16B) is large com-
pared with that of Megalichthys hibberti, but

approximately the same relative size as that of the

new genus from Norway (Borgen, MS). It is

c.30% the length of the principal gulars. We
cannot discern a pit line on it. Its anterolateral

edges are embayed to receive the anterior sub-

mandibulars, producing a median point.

Posterolaterally, it overlaps the principal gular on
each side.

The number of submandibulars is six on one
side, and six or possibly seven on the other (Figs

6; 16B). The most anterior one is very long and
thin, and extends around the anterior end of the

median gular to meet its antimere. We see no
evidence of a median bone in the series. Instead

the median gular has an anterolateral embayment
on each side to take the first submandibular, thus

giving its anterior edge a pointed outline. The
second submandibular is of similar proportions to

the first, but the more posterior plates are progres-

sively shorter. On the right, the most posterior

plate is much wider than long; on the left, length

and width are approximately equal. As noted

above, the submandibulars of E. nitidus are

smaller and more numerous than those of C.

narrienense. A specimen of M. hibberti num-
bered G8.50 in the Hancock Museum, Newcas-
tle-upon-Tyne, figured by Birks (1916: pi. 13)

and examined by us, shows a similar number of

submandibulars to C. narrienense, although the

lateral ones are not as elongated as in that species.

Operculars. Both operculars are present on the

holotype, but they are broken. Six other isolated

specimens, QMF21092, 21093, 21103, 26538,
26545 and 26550, are better preserved (Fig.

15D,E). The operculars are large bones, about

60%the length of the two skull units together, and
their height is only a little less than their length.

The anterior and anterodorsal edges are almost

straight, and the posterior is broadly convex. The
anterior edge shows a distinct projection an-

terodorsally, interpreted as an articulation; the

remainder of this edge is bevelled and slightly

roughened where it was overlapped by the pre-

opercular. The anterior half of the dorsal edge has

a lenticular overlapped surface for the lateral

extrascapular, but posterior to that the edge is

finished and curves around to the posterior mar-

gin. This implies that as the post-temporal has no
overlapped lateral edge, these two bones must
have abutted edge-to-edge or were separated by
a slight gap.

Running across the surface posteroventrally

from the articulatory process is a broadly rounded

ridge, marking a flexure in the bone that gradually

diminishes in prominence posteriorly. This pre-

sumably reflects the cross-section of the body of

the animal. In anterior profile, dorsal to this ridge

the opercular is inflected at c.55° to the main
surface of the bone. Apart from the anterior and

anterodorsal edges, the entire external surface is

cosmine-covered.

Towards the anterodorsal corner of all observed

operculars, the external surface shows a patch of

special cutaneous sensory pores of the kind seen

elsewhere on the skull. These are in the same
position as the pores on the opercular of M.
hibberti figured by Moy-Thomas (1935: fig. 2).

The number of pores in a patch varies from 19 to

c.80. No connection between these pore patches

and any underlying structure has been estab-

lished. Obviously, no lateral line canal occurs in

the opercular, but on the inner surface of

QMF21105 is a groove that does not extend to the

edge of the bone. This could be regarded as

evidence of the presence of a nerve beneath the

appropriate part of the opercular to innervate the

pore group, but the fact that it is seen on only one

of the available specimens suggests that it is

probably only an individual variant of no signif-

icance.

The internal surfaces of the operculars are not

well preserved, but anterodorsally in the depres-

sion formed by the bone flexure, QMF21093
shows two slight scars which were probably for

the attachment of ligaments from the
hyomandibular. QMF21103 has a slight scar in

the same region, but this has been emphasized by
weathering and its significance is in doubt.

Subopercular 1 , which is only 85%of the length

of the opercular in the holotype, is overlapped

dorsally by the opercular. In addition, an incom-
plete individual, QMF26553(Fig. 1 5F,G), is con-

fidently identified as a first subopercular.

Cosmine covers its entire external surface except

for the dorsal and anterior edges, which have a

deep band of rough tissue indicating overlap by
adjacent bones. The dorsal overlap is highest

anteriorly where it has a distinct dorsal projec-

tion, and it decreases in height gradually posteri-

orly. Its anterior edge has a protrusion in line with
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the flexure mentioned below, and the anterior

overlapped area becomes smaller ventrally, dis-

appearing completely at the ventral edge of the

bone. The bone has a pronounced, subangular
longitudinal flexure about 5-6mmbelow the dor-

sal cosmine margin. In the anterodorsal corner of

the bone is another group of special sensory pores

like those on the opercular.

Subopercular 2 is smaller, being 66% of the

length of the first in the holotype; it too is cosm-
ine-covered. One almost complete isolated sub-

opercular 2, QMF33056, has been recovered;

only its posterodorsal margin is missing (Fig.

15H,I). The bone tapers posteriorly. The dorsal

edge has a deeply overlapped surface for sub-

opercular 1, but its extent cannot be determined.

Anteriorly a narrower edge was overlapped by
the posterior submandibular and the principal

gular; the bone is thickest where this edge joins

the cosmine-covered part. A large group of sen-

sory pores lies in the cosmine towards its an-

terodorsal edge. This group contains a high

proportion of two or more pores that lie sur-

rounded by ridges containing flask chambers
(Fig. 151), but it has not been possible to remove
the sediment to observe the number of pores

forming these subgroups. On the inner surface of
the bone beneath the pore-covered patch, a num-
ber of openings occur, but without destroying the

specimen it is not possible to determine if they

open through to the outer surface. Judging from
its similarity to the second subopercular of

Gogonasus, a single isolated fragment,
QMF26552, represents the anterior third of this

bone. The two suboperculars meet behind the last

submandibular (Figs 6; 16B), making a pattern

like that of Megalichthys hibberti.

The reconstruction of M. hibberti by Miall

(1885) shows only two suboperculars, but Moy-
Thomas (1935) figured four bones in this position

on the lectotype, which was chosen and figured

by Agassiz, and refigured by Andrews (1982: fig.

8j). It seems to have only two suboperculars, but

the drawing leaves room for doubt. A well-pre-

served specimen, G8.80 from the Hancock Mu-
seum, was illustrated by Birks (1916), and his

figure is consistent with Miall' s interpretation.

Wehave examined this specimen, and conclude

that, at least in this respect, Birks was correct. It

is clear that two suboperculars are present in this

species as in C. narrienense and the new genus
from Norway (Borgen, MS).

Wenote that other osteolepiforms, such as Eu-
sthenopteron foordi, have only one bone that is

normally identified as a subopercular, but also

that there is a second plate lying at the posterior

end of the submandibular series, called the sub-

mandibulo-branchiostegal plate by Jarvik (1 944).

This is undoubtedly homologous with our second

subopercular. Weprefer our terminology for this

bone because the first subopercular extends down
into the line of the submandibulars and the plate

in question continues the line of the operculars.

In addition, although the overlaps in

Cladarosymblema are not completely clear, those

in Gogonasus are quite unambiguous (Figs 1 SA-

CK In that genus, the second subopercular is

clearly overlapped by the first subopercular, and
its anterodorsal corner has a projection like the

other subopercular. In other words, its relation-

ships are such that it lies in the opercular series

and is morphologically like an opercular rather

than a submandibular.

Extrascapulars and Post-temporals. The lat-

eral extrascapular is well represented by two iso-

lated specimens, QMF31871 and 31876 (Fig.

13B,D). It is subtriangular in outline, but with all

edges slightly curved. The anterior margin bears

a narrow overlapped surface; its lateral edge, the

shape of which is also known from the overlapped

dorsal edge of the opercular, is finished. Its mesial

edge is not well enough preserved to describe.

The specimens are readily recognised by the

junction of the main lateral line and the occipital

commissure.

overleaf on p. 130
FIG. 15. Opercular and subopercular bones of Gogonasus andrewsae Long, and C. narrienense. A-C, opercular,

and suboperculars 1 and 2 from the left side of G. andrewsae, ANU49259. Note distinctive overlaps as described

in the text. D-E, two isolated right operculars of C. narrienense, QMF21092and 21 103. Note cutaneous sensory

pore clusters (arrows) towards the anterodorsal corners, small on D, much larger on E, and the large erosion hole

in the centre of D. F-G, two isolated fragments of the left subopercular 1 of C. narrienense, QMF26553 and

26550. Note similarity in shape to the subopercular 1 of G. andrewsae illustrated in B, and cutaneous sensory

pore clusters (arrows) of different sizes in the anterodorsal comers. H, an almost complete subopercular 2,

QMF33056, missing only its posterodorsal edge. Arrow shows cutaneous sensory pore cluster. I, enlargement

of ventral part of sensory pore cluster from the anterodorsal comer of the same specimen. Scale: 10mm; except

I: 1mm.
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FIG. 15
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FIG. 16
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On the holotype an incomplete fragment of

bone lies between the operculars on the dorsal

surface. This fragment could represent the only

median extrascapular in the collection. Space re-

quirements and the shape of the lateral ex-

trascapulars show that the median extrascapular

must have been narrow anteriorly and rapidly

expanded posteriorly, its lateral margins bearing

overlapped surfaces. Two left post-temporals,

QMF31873and 26537, are known (Fig. 13A,C).

The former specimen is the more complete. It is

cosmine-covered, sub-rhombic in outline, but the

anterior edge is slighdy wider than the posterior.

The anterior edge bears a slight overlap which is

divided into two parts, representing contact with

the median and lateral extrascapulars. All other

edges are finished, and bevelled on the inner

surface, indicating that they overlapped adjacent

bones. The lateral line is in the left half of the

bone, and seems to run a straight course. A mainly

transverse hook-shaped pit-line is present on the

lateral half also, and a patch of sensory pores lies

mesial to the bend in the hook. This bone is large

in comparison with those of Eusthenopteron and

other osteolepidids, and its anterior overlap is

small. The fact that it is almost completely cov-

ered with cosmine is also unusual, but we note the

presence of patches of cosmine on both the an-

ocleithrum and the supracleithrum. Although it

cannot be demonstrated from the material avail-

able, a process of the supracleithrum probably

extended between the opercular and the post-tem-

poral (Fig. 14A).

Palatal Bones.
The bones of the palate of Cladarosymblema

are not well known.

Vomers. The vomers are represented by four

isolated incomplete specimens, each of which has

a large tusk and associated pit, and a high wall

around the anterior edge that carries up to 20
denticles along its crest (Figs 1 8; 1 9). The anterior

crest apparently diminished in height abruptly

mesial to the more mesially placed tusk, or its

replacement pit. The denticles along the crest are

not all of the one size, nor are they confined to a

single row. As all the specimens in Fig. 18 show,
the largest denticles are restricted to the an-

teromesial side of the mesial tusk or its replace-

ment pit. Smaller denticles lie in a row in front of

these larger ones, but this row is not continued

laterally in front of the lateral tusk on two of the

three available specimens. On the third,

QMF26558 (Fig. 18D,E), the row is also contin-

ued around the lateral tusk.

The front wall of the vomer is high and almost

vertical. Its surface is smooth except for a patch

of horizontal ridges (Fig. 18F) that would have

articulated with the similar ridges on the premax-
illa.

The holotype has the crushed left vomer ex-

posed by excavation. It seems to have the median
process almost complete, but it is so fractured that

interpretation of its features is difficult. No me-
dian process is preserved on any of the isolated

specimens, but the broken end of the process is

shown on Fig. 18G.H. The extent of this median
process can be judged from the attachment areas

for the vomers on the endocranium (Fig. 20A;
21 A); these are very transverse and have mesial

extensions that meet or almost meet in the midline

(see description of these surfaces below). We
conclude that a depressed median process was
present, but was broken off the isolated speci-

mens. The vomers, therefore, are comparable
with those of M. hibberti

QMF26556, in which the lateral side of the

vomer is almost complete, shows a notch that

may mark the passage of the maxillary branch of

cranial nerve V to the nasal capsule, as Thomson
(1964b:328) has hypothesised for Ectosteo-

rhachis and Jarvik (1942: fig. 61) for Eu-

sthenopteron.

Pterygoid. Despite continued attempts, no pter-

ygoids or other palatal bones have been recovered

by etching. Excavation of the holotype has ex-

posed part of the endopterygoid, but nothing sig-

nificant can be said about it.

Parasphenoid*. The parasphenoid is a bone of

dermal origin, closely applied as a thin sheet over

much of the base of the endocranium. However,
owing to deficiencies of preservation, the com-
plete limits of the parasphenoid are impossible to

determine in any one specimen of Clada-

rosymblema. However, by careful examination of

several specimens on which parts of the

parasphenoid are preserved (Fig. 20A,B,D), a

reasonably accurate composite picture of the

bone can be constructed.

previous page
FIG. 16. Cladarosymblema narrienense. A-B, dorsal and ventral views of the skull of the holotype, QMF21082. In B,

the left side of the gular and submandibular series has been removed to expose the palate, the clavicle, subopercular

2 and the broken subopercular 1. C-D, right and left principal gular plates, QMF26544and 31880, showing general

form, nature of the overlaps, and peculiar resorption and regrowth pattern of the cosmine. Scale: 10mm.
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FIG. 17. Cladarosymblema narrienense. A-B, labelled outline drawings of views of the head of the holotype as

shown in Fig. 16A-B.

The anterior limit of the parasphenoid is clearly

shown on QMF21104, where it can be followed

along an irregularly transverse line well behind
the vomers (Figs 20A; 22); medially a smooth
ridge, which is the extension of the denticulated

surface, extends forwards of this transverse line.

A broad, flat area of endocranial bone is exposed
between the vomers and the parasphenoid, in

contrast to the condition that Jarvik (1966) has

shown in Megalichthys and that Thomson
( 1 964a) has described in Ectosteorhachis (but see

Romer, 1937:19). As noted above, the

parasphenoid in Cladarosymblema does not bor-

der the prenasal fossae nor does it meet the pos-

terior process of the premaxilla along the midline.

Posteriorly from its anterior transverse limit, the

parasphenoid sheathes the entire width of the

palatal exposure of the endocranium between the

pterygoquadrates and, as described by Romer
(1937) in Ectosteorhachis, it sends an 'ascending

process* well up the flanks of the basipterygoid

process (see QMF21083); it does not, however,
ascend the endocranial wall more anteriorly: An-
terior to the basipterygoid process, the

parasphenoid terminates at the edge of the suboc-

ular shelf.

The central part of the parasphenoid is domi-
nated by a raised denticulated surface that, as in

Megalichthys and Ectosteorhachis, is well
rounded in posterior outline, but unlike in those

genera it tapers to an acute anterior termination;

it is bordered by a shelf-like expansion of the

bone laterally. The depth of the denticulated sur-

face below the lateral expansion is greatest pos-

teriorly and diminishes regularly towards the

front. The central part of the denticulated surface

is somewhat depressed (Fig. 20B,D) and has rel-

atively few teeth (see QMF21105, 26547). Pos-

teriorly the denticulated surface is bounded by a

narrow rim of dense periosteal bone. The denti-

cles, when completely preserved, are sharp cones,

but in the specimens at hand, most are broken off

or worn, leaving a basal annulus of enamel and
dentine enclosing a central pulp canal. The
buccohypophysial foramen, which is conspicu-

ous in our specimens, is encircled by a ring of

smaller denticles. Posterior to the denticulated

surface, the parasphenoid forms a thin layer

closely appressed to the endocranium as far back
as the edge of the notochordal pit (Figs 20B,D;
21A;22;25D).

Ethmoidal Endocranium

The endocranium of the ethmoid unit is known
in some detail from five specimens, none of

which is complete (Figs 20-27). Of these speci-

mens, QMF21083 is the best preserved,
QMF21104 has lost the dermal roof and part of
the endocranium, QMF21110 has lost all of the

endocranium except that immediately under the

skull roof, QMF21108 has only the right side

preserved, and QMF21105 retains only the ven-

tral surface of the palate that is well preserved.

Consequently, it is not possible to give a complete
description of the ethmoid unit, although more
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detailed information is available than for most
other described osteolepiforms.

Prenasal Fossae. (See Terminology.) These

fossae are well exposed on three specimens,

QMF21083, 21104 and 21110, and are mesial

and partly anterior to the nasal capsules (Figs

20A; 21A,C; 22; 25D). On QMF21110, the en-

docranial ridge is worn through to expose a mass
of vesicular tissue, thereby demonstrating its en-

dochondral origin (Fig. 2 1C). Anteriorly, the ven-

tral edge of the endocranium is overlapped by a

concave flange of the premaxilla (see below),

which continues laterally to the articulation with

the vomer; Jarvik (1966: fig. 17) referred to this

structure in Megalichthys as the palatal lamina of

the ethmoid shield. It lies directly on the endocra-

nium, which in turn forms the roof and walls of

the prenasal fossa. The posterior wall of the fossa

is steep and terminates beneath the vomer. There
is no suture in the endocranial bone of this wall

as was shown by Jarvik (1966: figs 17A; 19D)for

Megalichthys.

Several specimens of Cladarosymblema are

well enough preserved to show that the prenasal

fossa is in direct communication with the nasal

capsule lateral to it. In QMF21104, a wide
nasobasal canal (see below) penetrates the bony
wall between the two, from the lateral extremity

of the fossa to the base of the mesial wall of the

capsule (Figs 20A; 22; 24; 25D); thereafter, the

canal is continued part way across the ossified

part of the floor of the capsule as a groove. In

QMF21083, the canal has not been cleared of

matrix, but foramina mark its course; however,

these are substantially smaller, and the canal pre-

sumably narrower, than in QMF21104. Across

the roof of the prenasal fossa in QMF21104 and
21 1 10, a deep groove extends mesial ly from the

lateral foramen and opens into two or more fo-

ramina that in turn open into the vesicular tissue

making up the substance of the endocranium
(Figs 20A; 2 1C). QMF21083 shows a much shal-

lower groove on the left side and even less on the

right, but several small foramina penetrate the

bone here, as well. In the posteromesial corner of

the prenasal fossa on QMF21104, there are two
more foramina opening posteriorly into the vesic-

ular tissue of the endocranium. Wesee no evi-

dence that these small foramina are intercon-

nected or that their pattern is constant.

In Megalichthys and Eusthenopteron, the pas-

sage between the prenasal fossa and the nasal

capsule was named the ventral branch of the

nasobasal canal by Jarvik (1966: 86 & fig. 17).

He believed it carried the medial branch of the

profundus nerve, which then anastomosed with

the palatine nerve. Wecan see no evidence that

reflects the pattern of these nerves in this region

in Cladarosymblema, and note that the basis for

his interpretation is the presence of such an ar-

rangement in the anuran Rana escuelenta. Thom-
son (1964b: 326-7 & 345) has discussed this

matter and has concluded that the nasobasal canal

carried the ramus medialis narium of the pro-

fundus nerve. As noted above, the groove in the

nasal capsule entering the nasobasal canal in

Cladarosymblema runs below the olfactory bulb,

whereas the profundus nerve passes above it (see

below). Therefore, we accept the conclusions of

neither Jarvik nor Thomson. Instead, we believe

that a vein draining the prenasal fossa entered the

corner of the nasal capsule and ran across its floor,

an inference that is consistent with the marked
individual variation that the channel and foram-

ina show in the specimens of Cladarosymblema.

Jarvik (1966) claimed that the prenasal pit (pre-

sumably the deepest part of the prenasal fossa in

our terminology) in Megalichthys contained an

intermaxillary gland. From the vessels or nerves

entering these spaces it may be inferred that some
soft tissue was present, but we have no evidence

to indicate what its dimensions or homologies

might have been. Thomson (1964b:332) and
Jarvik (1966: 83-84) have also suggested that in

M. hibberti the anterior tusks of the dentary fitted

into the prenasal fossae, but we have mandibles

that are from animals of the same size as our

ethmoid units, and these show that the tusks in

question entered the fossae only shallowly and

only on their anterior edges; most of the opening

of the fossae would then have been opposed by
the mandibular parasymphysial plate. However,
during elevation of the lower jaw to full occlu-

sion, the parasymphysial plate remained in too

ventral a position to have entered the fossa, and
its posterior (toothed) edge moved past the ante-

FIG. 18. Cladarosymblema narrienense. A-C, oblique, buccal and visceral views of incomplete right vomer,

QMF26559. In A, note the lateral tusk is broken vertically to expose the labyrinthine structure. C shows the

intricate modelling of the surface of attachment to the endocranium. D,E, buccal and anterior views of a broken

left vomer, QMF26558. F-H, anterior and variously tilted buccal views of a right vomer, QMF26560. In F, note

rugosities on the anterior face where the vomer fitted against the similarly patterned face of the premaxilla (see

Fig. 25D). All specimens have the mesial projection broken off. Scale: 10mm.
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anterior

medial process

posterior

FIG. 19. Cladarosymblema narrienense. Reconstruction drawing of a vomer in

oblique anteroventral view, based primarily on Fig. 1 8F,G, with the continuation

of the denticles around the lateral crest is based on Fig. 1 8D,E.

rior (toothed) edge of the vomer. The suggestion

that the fossae contained soft bodies of consider-

able size cannot be ruled out on that account.

Nasal Capsule. The nasal capsules are well

preserved on two specimens (QMF21083,
21104) and less completely preserved on three

others (QMF21 105, 21 108, 21 1 10) (Figs 20A, B;

21A,C; 22; 23B; 24B; 25C,D). As is usual in

osteolepiforms, the capsules are open ventrally

through a large unossified solum nasi, the original

borders of which can be reconstructed from the

specimens at hand. The rim of this opening is not

all in the one plane, but rises to form a notch

lateral to the autopalatine articulation, and a more
profound notch at the lateral extremity of the

solum nasi (Figs. 21A; 25C,D). In life, as dis-

cussed above, the vomers would have extended
laterally at least to a level below part of the bony
capsules as preserved in these specimens, but

almost certainly there was a vertical gap between
the upper surface of the vomer and the opposing

capsule rim. However, in Cladarosymblema, the

floor of the nasal capsule, the solum nasi, was not

ossified, although in our best preserved specimen
(QMF21083), endocranial bone does complete
the lateral wall of the nasal capsule beneath the

circumnarial bones. Further ventrally in the cap-

sule, however, the lateral wall is not preserved

and we do not know the full extent of ossification

beyond the limits shown on this specimen.

The external naris opens into the wall of the

nasal capsule anterolaterally; beneath the naris,

the lateral wall of the capsule is swollen out

beyond the plane of the naris, carrying the capsule

laterally well past the limits of the vomer beneath,

unlike Thomson's reconstructions of
Ectosteorhachis and Megalichthys (Thomson,

1964a: fig. 3). This has

important implications

for the position of the

choana, which, as we
have discussed in rela-

tion to the anterior
shape of the maxilla,

must have been
posterolateral to the

vomer and anterior to

the maxilla. The pre-

maxilla and the bones

around the external
naris are firmly fixed to

the neurocranium, and
although the maxilla
and the lachrymal abut

against, and are not

fused to the bones ante-

rior and dorsal to them, we see no evidence that

the snout was kinetic on the cheek (cf. Rosen et

al., 1981:191,234).

Apart from the foramen for the nasobasal canal,

which has been dealt with under Prenasal Fossae

above, several large foramina can be seen in the

mesial and posterior walls of the nasal capsule

(Figs 23B; 24B). The largest is for the olfactory

tract, and it opens high on the posteromedial wall

just under the dermal bones. The second largest

foramen, which is only about one quarter the size

of the olfactory opening on whose dorsolateral

side it lies, opens posteriorly into a short tube that

emerges through the antorbital wall into the or-

bital chamber. On our best preserved specimen,

QMF21083, this foramen joins a groove that runs

across the roof of the nasal capsule and enters a

foramen in its mesial wall; this latter foramen can

be seen in turn to divide into two channels more
deeply. A second specimen, QMF21104 (Figs

23A; 24A) in which the roof had been eroded

away before burial, shows a foramen on each side

of the capsule in the same place, but the course of

the canal across the roof has been lost. However,
a foramen in the mesial wall is preserved in

QMF21104 and this shows that it enters a rami-

fying set of deeply buried tubes that run forward

and downward toward the premaxilla (see

above). Although we have been unable to estab-

lish the connection, it seems likely that these

tubes opened into those described above, for ex-

ample in QMF21111, running beneath the lateral

line system and carrying fibres for ophthalmicus

profundus V to innervate the snout as in

Gogonasus (Long, 1985a: fig. 5). This is an un-

likely course for a nasolachrymal duct, a point we
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FIG. 20. Cladarosymblema narrienense. A, B, D, ventral views of three incomplete ethmoid units with

parasphenoids attached, QMF21104, 21105 and 26547. In A, black arrows indicate anterior edge of

parasphenoid; white bordered arrows indicate openings into the transverse (rostral) commissure of the lateral

line canal. In B, arrows indicate position of notch. C, dorsal view of posterior part of the specimen in B showing
hypophysial pouch (arrow). Scale: 10mm.
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make because Jarvik considered that a large fora-

men in the ventrolateral part of the posterior wall

of the nasal capsule in Eusthenopteron, carried a

nasolachrymal duct. No foramen corresponding

with this foramen of Jarvik occurs in

Cladarosymblema, nor indeed in Gogonasus.

Other foramina enter the mesial wall of the

nasal capsule in Cladarosymblema, In

QMF21104, a groove passes up from the edge of

the solum nasi ventrolateral to the olfactory fora-

men, curves around the ventral edge of that fora-

men, and leaves the capsule through a foramen

(fmi in Fig. 24B) in the mesial wall just in front

of the olfactory foramen. Wedo not know the

function of this groove. Other minor foramina are

present in this wall, but they are not consistently

developed on even the two sides of a single

specimen; nor are they constant between speci-

mens. Weconsider these to be nutrient foramina.

Specimen QMF21104 shows a small foramen in

the posterolateral wall on both sides of the spec-

imen, although it is largely eroded on the left.

This enters a canal that opens high on the lateral

extremity of the antorbital wall. No other speci-

men has this part of the animal preserved so that

we cannot assess its significance. Its size and

position suggest that it is more likely to have

transmitted a nerve than a vessel, but apart from
that comment we cannot offer any useful sugges-

tion.

On QMF21083, a second large foramen pene-

trates the antorbital wall posterodorsal to the oph-

thalmicus profundus V foramen (Figs 21 A; 22;

25D), but it does not open into the nasal capsule.

Rather it opens into a tube that cannot be traced

with clarity; however, what is clear is that it does

not open into the same canal as the ophthalmicus

profundus V. It runs mesially, and probably ram-

ifies in the vesicular tissue between the olfactory

canals. Such an orientation suggests the ramus
ophthalmicus superficialis VII nerve. The fora-

men in question has been lost by erosion in

QMF21104.

On QMF21083 and 21105 a smaller foramen

occurs in the antorbital wall lateral to the foramen

for the ophthalmicus profundus V (Figs 2 1 A; 22).

From it a tube passes through into the posterolate-

ral corner of the nasal capsule where there is a

conspicuous foramen. On QMF21083, a shallow

groove runs up across the roof of the capsule

parallel with the inner margin of the striated bone
forming the inner surface of the bones surround-

ing the external naris. It passes over the top of the

olfactory foramen and joins the same foramen in

the mesial wall of the capsule as the ophthalmicus

profundus V. This groove is present on
QMF21105 also, but the roof of the capsule has

not been preserved so its course cannot be traced

throughout. What occupied these foramina and

groove? Thomson (1964b: fig. 3) considered that

in Ectosteorhachis a lateral nasal vein exited the

nasal capsule posteriorly in approximately the

same position as the structure under discussion,

but the more anterior course of the lateral nasal

vein is around the flank of the capsule rather than

over the roof and into the internasal septum as in

Cladarosymblema. Hence, this is not an adequate

interpretation. A second possibility is that it car-

ried a ramus of nerve V, either the maxillaris or

infraorbitalis (Jarvik, 1942: 477; Thomson,
1964b: 328). We prefer this interpretation be-

cause the groove across the roof of the capsule

reaches the foramen we have interpreted as car-

rying the ramus profundus V. Wehave labelled it

maxillaris N V in Fig. 22.

Wehave not dealt with the drainage of blood

from the nasal capsule, because no foramina

likely to have carried veins have been observed.

It seems most likely that a vein passed out of the

capsule into the lateral head vein through the

notch near the autopalatine articulation.

Olfactory Canals. The olfactory canals are well

exposed on QMF21104, in which the dermal roof

has been eroded away (Fig. 23A); their disposi-

tion can also be inferred from QMF21083 (see

also Fig. 28B). The separate canals arise towards

the posterior end of the unit, much further poste-

riorly than in Eusthenopteron (e.g., see Jarvik,

1 980: fig. 89), but are comparable in their pattern

with those in Ectosteorhachis (see Romer, 1937:

figs. 8,9). A short distance along their course, the

canal for the optic nerve is given off in an an-

tero ventrolateral direction (Figs 23A;24A). This

peculiar arrangement is matched by that in

Ectosteorhachis as figured by Romer (1937: figs

8, 9). Further forward are several foramina of

varying aperture in the floor of the olfactory canal

(Figs 23A; 24A). These seem to connect with

tubules that traverse the spongy tissue between
the canals, but they seem not to exit the bone at

any identifiable points more ventrally. Presum-
ably they carried sensory nerves or vessels of

some kind. Thomson (1964b: 321) has com-
mented that cutaneous and ethmoid arteries

passed through foramina in the walls of the olfac-

tory tract; we are unable to comment further on
the basis of our material. It is not uncommon to

find such tubules in other osteolepiforms or in

dipnoan specimens that are sufficiently well pre-

served to show them.
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FIG. 21. Cladarosymblema narrienense. A-B, ventral and posterior views of QMF21083. The black arrows on
the left side of Fig. A indicate (from left to right) the foramina for the maxillaris V, the ophthalmicus profundus

V, and the ophthalmicus facialis VII. C, ventral view of incomplete ethmoid unit, QMF21110, showing
spongiform tissue between the olfactory canals, openings into the transverse commissure of the lateral line canal

(arrows), and the roof of the left nasal capsule. Scale: 10mm.

Inner Wall of the Orbital Chamber. The en- vertically under the roof, is swollen where it

docranial surfaces forming the inner wall of the covers the olfactory canals, and is deeply concave

orbital chamber are well preserved on more ventrally, forming a broad sub-olfactory

QMF21083 and 2 1 1 04, although on neither spec- recess (Figs 2 1 A; 22) and meeting the lateral edge

imen are these surfaces complete. The wall stands of the subocular shelf (=suborbital ledge of
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FIG. 22. Cladarosymblema narrienense. Reconstruction of the ethmoid unit wnnout vomers, based on QMF21 083
and 21104.

Jarvik, 1980: fig. 86A) along a sharp keel; the

ventromesial edge of the pterygoquadrate articu-

lated in this recess.

Anteriorly, and immediately below the nasal

capsule, is a deeply concave facet of vesicular

bone (Figs 20A; 21 A; 22; 25D) that received the

anteromedial process (pars autopalatina) of the

palatoquadrate. This facet extends far enough
ventrally to border upon the horizontal attach-

ment surface for the vomer, and it terminates

posterodorsally at the base of the antorbital wall.

This articulating surface is twisted, with its an-

teromesial extremity directed laterally and its

posterior extremity facing ventrally. In life, pre-

sumably, it was lined with cartilage, and the

complexity of its surface is probably related to

limiting the range of possible movement of the

pterygoquadrate on the endocranium.

Posteriorly from the autopalatine facet, the sub-

olfactory recess is the dominant feature of the
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lower parts of the endocranial wall, and this re-

cess becomes progressively deeper posteriorly;

its surfaces are marked by irregular processes,

ridges and depressions that reflect the connective

tissue attachments of the pterygoquadrate to the

endocranial wall. The recess terminates at a lat-

erally robust process (Figs 20A-C; 21A; 22) that

is mostly formed by endocranial bone but is

sheathed surficially by the parasphenoid (see

below). This structure is the basipterygoid pro-

cess, the site of the second, and perhaps the most
important moveable joint between the

pterygoquadrate and the endocranium. In

Cladarosymblema, the basipterygoid attachment

is C-shaped in lateral aspect, with the ventral arm
of the 'C prolongated anteriorly. The articulatory

surface of the process consists of vesicular bone
that lacks a perichondral covering. Most posteri-

orly, where the process is especially robust, this

surface is nearly vertical and faces anteriorly. As
it continues ventrally and then anteriorly, along

the ventral arm of the *C\ the articulatory surface

comes to face increasingly laterally. Directly

above the basipterygoid process, just beneath the

skull roof on QMF21083, is a small patch of

unfinished bone that may represent the supra-

pterygoid process, the third site of attachment of

the pterygoid on the endocranium. Jarvik (1980:

fig. 8) has illustrated a suprapterygoid process in

this position in Eusthenopteron and Long (1985a:

fig. 3) in Gogonasus.

Anteriorly, the basipterygoid process encloses

a pit (Fig. 25A, black arrow), deep within the

confines of the *C; this pit in Eusthenopteron

was interpreted by Jarvik (1980: fig. 85) as being

for the retractor bulbi muscle, a muscle found in

tetrapods and used for pulling the eye deeper into

its socket. The evidence for this is not clear. On
the other hand it would be appropriately placed

with respect to the line of muscle action and the

position of nerve III to be the myodome for the

posterior rectus eye muscle in a fish. Long
(1985a: fig. 3B) reached the same conclusion

with respect to Gogonasus andrewsae. At the

base of the pit is a foramen for the exit of the

pituitary vein; the vein must then have continued

dorsally to join with the jugular vein; the passage

posteriorly of the latter is marked by a shallow

groove (Fig. 25A) above the basipterygoid pro-

cess (QMF21008, 26547). The scars for the at-

tachment of the other eye muscles have not been

positively identified.

In Cladarosymblema, the optic nerve foramen

is a major landmark on the orbital wall (Fig.

25A-D). It opens on the olfactory ridge a short

distance anterior to the basipterygoid process. It

is large and ovate, and the optic canal for passage

of the nerve from the endocranium is oriented

anteroventrally and leaves the olfactory tube near

its base (see above). Nerve III exited from the

endocranium via a small foramen posterodorsally

adjacent to the optic foramen (Fig. 25A), as

shown in QMF21083, 21 104, and 26547, a posi-

tion similar to that in Eusthenopteron (Jarvik,

1980: fig. 86) and Gogonasus (Long, 1985a: fig.

3). Romer (1937) and Thomson (1967) were un-

able to recognize the foramina for nerve III and
IV in Ectosteorhachis\ and we have been unable

to recognize the foramen for nerve IV in

Cladarosymblema.

Immediately anterior to the optic nerve fora-

men on both sides of QMF21104 is a small sub-

circular scar about 1mmin diameter that has a

slightly raised periosteal rim (Fig. 25B,C; aster-

isk). A similar scar occurs in Gogonasus (ANU
49259) as well; consequently, there can be no
doubt about its anatomical reality. Obviously,

soft tissue of restricted extent was attached to it.

The only possible eye muscles to attach at such a

point would be the obliques, but in our view the

scar is unlike a muscle attachment and is not

appropriately placed to be so interpreted (Good-
rich, 1958: fig. 244). An alternative explanation

would be that this structure represents an eye stalk

such as occurs in elasmobranchs and placoderms.

According to Young ( 1 986: 1 5), however, the eye

stalk is *similarly positioned in both groups, be-

hind the optic nerve and beneath the oculomotor

foramen'. In our material the scar is clearly ante-

rior to the optic nerve, and hence this option is

also ruled out. Furthermore, as far as we are

aware, an optic stalk has not been previously

recorded in osteolepiforms, nor in any other

sarcopterygians.

Above the optic foramen in Cladarosymblema,

the endocranial wall appears to have been de-

pressed mesially, forming an elongate fossa be-

neath the skull roof. The exact dimensions of the

fossa cannot be determined owing to breakage

and erosion. Long (1985a) identified a fossa in

this position in Gogonasus as serving as the at-

tachment area for arcus palatini muscles. A sim-

ilar interpretation for the area is warranted in

Clada rosymblema.

Base of the Endocranium. Posterior to the

prenasal fossae, the endocranial surface is broad

and flat, and is marked by an irregular pattern of

ridges and furrows, the sites of attachment of the

vomers. These sites are broad and extend laterally

over the endocranial surfaces that encroach on the
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FIG. 23. Cladarosymblema narrienense. A, dorsal view of a fragment of ethmoid unit, QMF21104, with most
of the roof eroded away exposing olfactory tracts and nasal capsules. Anterior parts of lateral line canals
excavated to show their great depth of burial. B, anterolateral view into the right nasal cavity of the same
specimen. Large opening is the olfactory tract. For interpretation see Fig. 24B. C, posterodorsal view of
QMF26547showing parietals and large median postrostral. Posterior part of the roof has been eroded to allow
a view into the hypophysial pouch (arrow). Scale: 10mm.

outline of the nasal capsule (Figs 20A; 21A; 22).

Mesially, the markings fade and on QMF21083,
they are quite obscure. They include a complex
network of vascular elements that may have sup-

plied the vomers and the connective tissues that

held the vomers in place. On QMF21104, the

rugosities are sufficiently clear to show that the

vomers extended to, or almost to, the midline.

Posterior to the vomerine attachment surfaces,

the base of the endocranium narrows to a level

just anterior to the vertical plane containing the

optic foramen, behind which it widens posteriorly

to the basipterygoid attachment. Ventrally,

QMF21105 shows a notch (Figs 20B; 22: notch)

on both edges of the parasphenoid, about midway
along the length of the subocular shelf; a short

groove leads to the notch from the posterior. This

specimen is the only one in our collection that is

undamaged in this area, but QMF26547 shows
evidence that it had similar structures. As far as
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FIG. 24. Labelled outline drawings of Fig. 23A,B.

we are aware, no structure resembling this notch
has been reported in other osteolepiforms, but a

comparable structure occurs in the specimen of

Megalichthys used by Jarvik (1966; fig. 17 A &
pi. 3), and in Gogonasus (ANU49259), in which
it is much closer to the foramen for the palatal

artery. The notch marks the passage of a nerve or

vessel dorsally, to a level above the lateral flange

of the parasphenoid, and then on to tissues be-

tween the endocranial wall and the opposing sur-

face of the pterygoquadrate. Although it cannot

be proved, it seems likely that the notch would
have carried a branch of the palatine artery. (See

below for a discussion of this vessel.)

Posterior Part of the Endocranium of the Eth-

moid Unit. As is shown particularly well by
QMF26547, on either side of the denticulated

surface of the parasphenoid anterolateral to the

buccohypophysial foramen, the internal carotid

artery enters the basicranium through a moderate-

sized foramen (Fig. 22). Posterior to this foramen
is a shallow groove that runs from near the base

of the basipterygoid attachment, where it disap-

pears from the surface of the bone. It marks the

course of the internal carotid artery. Closely as-

sociated with the internal carotid foramen is a

slit-like furrow for the palatine artery, which
leaves the basicranium to continue further anteri-

orly in a shallow groove. This slit-like furrow is

partly concealed on the right side of QMF26547
by a small ventral shelf, but this is probably of

little consequence as it is not present on the left

side. Thomson (1964b: fig. 7) has figured a sim-

ilar arrangement of the internal carotid and pala-

groove

\ nasobasal canal

antero-mesial autopalatine

articulation

tine arteries for Ectosteorhachis and Jarvik

(1966) has noted it for Megalichthys. The only

other specimen sufficiently well preserved to

show this area is QMF21105, but it has not pre-

served these foramina. On the other hand,
QMF21083and 21 104 show short vertical open-
ings in this position, apparently reaching up into

the base of the hypophysial pouch, as would be
expected if this were the position of the internal

carotid.

On each side of the same specimen, near the

base of the basipterygoid process, is a foramen in

approximately the same position as the one re-

garded by Romer (1937: fig. 4) as carrying the

internal carotid in E. nitidus. Each is entered from
a posterolateral direction by a short groove. We
agree with Jarvik (1966: 91-92) that these foram-

ina have been incorrectly identified by Romer,
and are nutritive foramina associated with the

attachment of the subcranial muscles. The scars

for these muscles are well preserved on
QMF21083 and 36547 (Figs 20D; 22). The pos-

terior part of the endocranium of the ethmoid unit

is constructed in its entirety of robust but finely

vesicular endochondral bone covered by a well-

developed perichondral layer.

The anterior end of the notochord fitted within

a shallow, rounded pit (Figs 21A,B; 22), as in

Ectosteorhachis and Megalichthys (see, e.g.,

Romer, 1937; Jarvik, 1966). In Clad-
arosymhlema, this pit has a sharply defined rim

around its ventral and lateral sides (see

QMF21083, 26547), although the ventral edge
has been eroded in QMF21083. Poster-odorsally

to the edge of the notochordal pit are the scars of

the processus connectens, marking the ventral
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FIG. 25 . Cladarosymblema narrienense. All figures are of ethmoid units. A, lateral view of QMF26547showing

large foramen for the optic nerve II, small foramen for the oculomotor nerve III posterodorsal to it, and a large

myodome with foramen for the pituitary vein posteroventral to it (arrow). Spongiform tissue occupies the

anteromesial space between olfactory tracts. B,C, two lateral views of QMF21104 with specimen tilted at

different angles to show details of the hypophysial fossa (white arrows), and foramina opening into its anterior

and lateral walls. Note the gap between the base of the hypophysial pouch and the buccal surface of the

parasphenoid, and the foramina in the walls of the pouch described in the text (see Fig. 26). Asterisk indicates

scar for a stalk of unknown function. D, oblique ventral view of incomplete ethmoid unit, QMF21083. Optic

nerve foramen labelled II. Scale: 10mm.

articulation of the endocranium of the ethmoidal

unit with that of the otico-occipital unit. The

anterior ascending process of the parasphenoid

(see Jarvik, 1980: 172) covers the side of this

bone, and is depressed relative to the most lateral

extent of the processus connectens, but we see no
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FIG. 26. Cladarosymblema narrienense. Reconstruction drawing of the hypophysial pouch and its foramina,

based on the specimen in Fig. 25 B,C.

anatomically distinct structure here reflecting

what Jarvik (1980: 172) has identified as the

prespiracular groove in Eusthenopteron.

Above the notochordal pit is the cavity for the

brain stem; it has a thick floor and lateral walls.

Ventrally, the posterior edges of these walls,

which face the posterior unit, are vertical, but

more dorsally they are inclined anteriorly at a

steep angle. The external surfaces of the bone

here have been damaged on even our best-pre-

served specimens, but they retain evidence of

ligaments that extended between the two units

and held them together. At their dorsal ends, the

posterior braincase walls flare laterally and are

fused to the ventral surface of the parietals (Fig.

21B). Along their outer edges, immediately be-

neath the parietals, they contain deep vertically

striated pits for the articulation of the supratem-

poral process (the fronto-dermosphenotic process

of Bjerring, 1972). Below these is the small patch

of vesicular bone forming the suprapterygoid

process for the distal articulation of the

pterygoquadrate. This is well-preserved only on

QMF21083.

Hypophysial Fossa. The best specimen for ex-

amining the hypophysial fossa is QMF21104
(Fig. 25B,C), which exposes the right side and
most of the front wall. The fossa and the

buccohypophysial opening (see above) are pre-

served on QMF21105 and 26547, but do not

expose as much detail. Putting together the data

from all these specimens (Fig. 26), it is clear that

the fossa emerges from the floor of the cranial

cavity near the posterior end of the parasphenoid.

The dorsal part of the fossa is elongate and narrow

(Fig. 20C), and it passes down into a large flat-

bottomed chamber that is subtriangular in trans-

verse section. The anterior wall of the chamber is

planar and its lateral wall concave. The internal

carotid artery joins the fossa at its anterolateral

corner through a passage that runs posteromedi-

ally from its external opening on the palate. A pair

of foramina opens half way up the anterior wall

of the fossa, one on each side of the midline. A
second foramen opens in the anterolateral angle

of the chamber dorsolateral to the one previously

mentioned. These mark canals that appear to run

anteriorly and anterolateral^ from the fossa. In

Gogonasus{J\N\J49259), a foramen opens exter-

nally a short distance anteriorly from the hypo-

physial fossa in the appropriate position for the

exit of this laterally placed canal, and we assume
a similar arrangement in Cladarosymblema, al-

though the specimen is not well enough preserved

to show the external foramen. In Eusthenopteron,

Jarvik (1980: 118) has interpreted a tube in this

position as having carried the ophthalmica magna
artery supplying the soft tissues dorsal to the

palate. The more mesially placed canal is likely

to have transmitted the cerebral artery. Posteri-

orly, on the broken lateral wall of the fossa in

QMF21104 (Fig. 25B) is the incomplete rim of a

foramen that marks the exit of the pituitary vein.

QMF21105 and 26547 show the buccohypo-

physial canal best among the specimens at hand
(Fig. 20B,D). It leaves the floor of the fossa a

short distance behind the anterior wall and runs

in an anteroventral direction to open about 1 mm
in front of the posteriormost edge of the denticu-

lated area of the parasphenoid.

The pattern of the whole hypophysial fossa

seems very different from that of Eusthenopteron

(Jarvik,1980: fig. 196B), which genus should not

be taken as representative of the condition in
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osteolepiforms. The structure seems to be highly

variable within the group. It is also very different

from that of the porolepiform Glyptolepis figured

by Jarvik (1980: fig. 196A).

Otico-occipital Endocranium
Occipital Region. No specimen having this part

of the skull preserved is uncrushed or otherwise

undamaged, but we nevertheless have five spec-

imens that yield important information
(QMF21084, 21085, 21094, 21096, 21109); of

these, QMF21085and 21094 are the most useful.

In those specimens, the occiput extends well be-

hind the postparietals and the endocranium is

well-ossified in this region. It forms a flat plat-

form (the occipital shelf) that continues back-

wards from the posterior edge of the postparietals

and that supported the anterior parts of the ex-

trascapular series (Figs 38A,B; 39A,B). This

shelf narrows laterally and does not extend fully

to the lateral extremity of the postparietals. At its

lateral limit, a separate shelf of dermal bone is

developed by the tabular. It is separated from the

neurocranial shelf by a notch (Fig. 38B) that is

situated beneath the most lateral extent of the

postparietal.

On either side of the midline beneath the occip-

ital shelf in QMF21094, a shallow but well-de-

fined fossa lined with pitted and ridged bone is

developed. This fossa appears to have been the

area of origin for muscles and ligaments extend-

ing to the anterior vertebrae (Figs 38B; 39B).

Anterior and lateral to this fossa is a much deeper

depression that presumably also provided the or-

igin for axial muscles and ligaments. The roof of

this latter depression is penetrated by a large

foramen that opens to the dorsal surface of the

occipital shelf. This foramen opens into a vertical

tube that is continuous with a broad groove that

runs anterolateral^ and turns beneath the

postparietals, through foramina including several

minor ones laterally (Figs 38A,B; 39A,B). These
grooves and foramina seem most likely to have
been associated with blood vessels. In Eu-
sthenopteron, Jarvik (e.g., 1980) has identified a

system of grooves in this region as carrying the

occipital artery and its branches forward across

the endocranial roof of the otico-occipital unit.

Wehave observed similar grooves in two large

fragments of Cladarosymblema (Fig. 3 1 A,B), but

these are not sufficiently well exposed to enable

us to outline their disposition. They were proba-

bly vascular in function, and probably connected
with the occipital artery.

Mesial to the large foramina that penetrate the

occipital shelf in Cladarosymblema is a pair of

much smaller openings that clearly run forward

into the endocranial cavity, well seen in

QMF21094 and 21085 (Figs 38A.B; 39A,B);

these openings represent the emergence of the

endolymphatic duct from the skull (see below for

evidence of the course of these ducts within the

endocranial cavity). In Latimeria, the endolym-
phatic duct leaves the skull roof posteriorly and
terminates beneath the extrascapulars (Millot &
Anthony, 1958) and perhaps the duct had a sim-

ilar configuration in Cladarosymblema, as would
be indicated by QMF21094. Other specimens,

however, have a somewhat different structure. In

QMF21056, a smaller specimen than
QMF21094, the occipital shelf is narrower and
the posteriormost parts of the postparietals con-
ceal the foramina for the occipital vessels and the

endolymphatic ducts from dorsal view, making it

even more unlikely that the ducts reached the

body surface. In any case, these differences in

proportions most probably are age-related and
have no taxonomic significance.

In QMF21094 and 21085, a deep median pit

passes forward between the openings for the en-

dolymphatic ducts immediately beneath the der-

mal roof (Figs 38A,B; 39A,B). This pit

corresponds to the attachment of the supraneural

ligament in Eusthenopteron, as identified by
Jarvik (1980: fig. 86).

The outer edge of the occiput in QMF21085,
the best preserved of our specimens in this part of

the skull, is bounded by a rounded ridge that

encloses the posterior vertical semicircular canal;

this ridge also forms the inner rim of the entrance

to the fossa Bridgei, the major cavity in the skull

for the origin of axial musculature. Just mesial to

FIG. 27. Cladarosymblema narrienense. A, a left premaxilla in ventral view, QMF26540, with some tectals

attached, all showing distinct radiation centres. Arrows show transverse (rostral) commissure and anterior end
of supraorbital lateral line. B, isolated left premaxilla, QMF31877, in ventral view; arrows show entry points of

lateral line canals. C. Paired premaxillae and attached small polygonal roofing bones on each side, QMF21111,

identified by their distinct radiation centres and in some instances by their sutural boundaries. Arrows show
lateral line entry points. Note tubules embedded in spongiform tissue (inner white arrows). D, X-radiograph of
the specimen shown in C. (This and subsequent X-radiographs have been made by printing X-ray negatives on
hard photographic paper.) Scale: 10mm.
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FIG. 28. Cladarosymblema narrienense. Ventral views into the nasal capsules of two specimens. A, right nasal

capsule, QMF21083, showing the bones with characteristic texture forming the roof of the capsule, the eroded

lateral edge of the capsule formed from thick vesicular endocranial bone, and a thin outer rim of dermal bone
(see also Fig. 21A). Note behind the teeth in the premaxilla several pores that open into the transverse (rostral)

commissure of the lateral line canal (white arrows). B, ventral view of right nasal capsule of an eroded specimen,

QMF21108, showing the relationship of the capsule to the olfactory canal . C, enlargement of the roof of the nasal

capsule in B. Note the mass of small denticles around the edge of the narial opening; especially well developed

in the embayment on the mesial side. Scales: A, B, 10mm; C, 1mm.
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the base of this ridge are two large foramina, one
above the other, and separated by a slightly pro-

truding lip (Figs 34A; 35A; 38A; 39A). They
open externally at or near the junction between
the occipital ossification and the auditory cap-

sule. These foramina lead into short canals that

pass through the braincase wall just posterior to

the sacculus; within the wall, the canals join and
open to the cranial cavity by a single foramen.

From comparison with Ectosteorhachis (Romer,
1937: 14), the lower foramen transmitted nerve X,

and the upper, the posterior lateral line nerve.

These two nerves are also closely associated, for

example, in Neoceratodus (Northcutt, 1987), and
have been reconstructed according to this same
pattern in Eusthenopteron (Jarvik, 1980, fig.

86C). In Gognasus (ANU49259), a fissure that

incorporates the separate foramina opens here,

and each foramen is subdivided at least once,

indicating the exit of several at least partially

separated trunks of these nerves.

Immediately below and slightly in advance of

the vagus foramen in QMF21085, a subcircular

depressed area is developed in which vesicular

bone is exposed (Fig. 38A). This corresponds in

position to the postotic process or facet for the

attachment of the first suprapharyngeal branchial

arch in Eusthenopteron (Jarvik, 1980: fig. 86) and

in Ectosteorhachis (MCZ6499) (Thomson,
1967:229). In Gogonasus (ANU49259), a blunt

process occupies this position; its surface lacks

periosteal bone and probably articulated with the

suprapharyngeal branchial, as well. In Eu-
sthenopteron, the opening for cranial nerve IX is

found below this facet. In none of our specimens

of Cladarosymblema is this part of the skull well

preserved, but QMF21085 retains what may be

part of the rim of the foramen for nerve IX; nerve

IX opens at this position in Gogonasus. In both

QMF21085 and ANU49259, a system of ridges

runs anteroventrally from the suprapharyngeal

branchial articulation; their significance is un-

known, but they possibly mark the attachment of

various muscles, including the hyomandibular
adductor, protractors of the first branchial arch,

and a protractor and adductor of the opercular, as

in Ectosteorhachis (Thomson, 1967: 229).

Fossa Bridgei. The fossa Bridgei in

QMF21085 is a more or less pear-shaped space

in cross-section, with its apex directed laterally

and dorsal side flattened. In Ectosteorhachis

(MCZ6499, Fig. 42A), the posterior entrance to

the fossa is more nearly rectangular than in

Cladarosymblema (Fig. 38A), with the lower rim
subparallel to the upper. The mesial wall of the

FIG. 29. Cladarosymblema narrienense. A,B, ventral

views of the roofs of two otico-occipital units with

most of the endocranium removed, QMF21086 and
21096. Note centres of radiation of the supratempo-

rals and tabulars; transverse attachments of the endo-

cranium to the postparietals, the tabulars, and the

posterior extremity of the supratemporals; the longi-

tudinal attachment of the endocranial walls to the

postparietals; the almost complete restriction of the

crista parotica to the ventral surface of the tabulars.

Articulalory processes on the supratemporals have

deep grooving (white arrows) and a slot on their dorsal

edges for the articulation of the edge of ethmoid unit.

The foramen for the occipital artery connecting the

fossa Bridgei with the trigemino-facialis chamber in-

dicated by black arrows. Scale: 10mm.
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FIG. 30. Cladarosymblema narrienense. Roof of an

otico-occipital unit, QMF21096 (see also Fig. 29B).

Note lateral line canals, the absence of branches into

the postparietal, the faint canals branching off into

pores in the supratemporal, and the thick branch (ar-

rows) on both sides into the putative extratemporal.

Scale: 10mm.

fossa in our specimens consists partly of a contin-

uous sheet, and partly of a meshwork of finely

reticulated endocranial bone (Fig. 32C). Most of

the roof of the fossa Bridgei, however, is of

dermal bone, provided by the undersurface of the

tabular and the most lateral extent of the

postparietal, particularly well shown in

QMF21086and 21096 (Fig. 29A,B). At its ante-

rior end, the fossa is nearly completely walled off

by the endocranial bone that encloses the anterior

vertical semicircular canal. However, in

QMF21085, two foramina, one above the other,

penetrate this wall, connecting it with the

trigemino-facialis chamber anteriorly (Fig. 32A;
arrows). In QMF21096most of the endocranium

has been removed, but the two foramina are still

preserved on the left side, the more dorsal one
being depressed (Fig. 29B). In QMF21084, there

is only one large foramen at that location. The
function of these foramina is uncertain. Romer
(1937, fig. 5) showed a single large foramen

(dorsomesial to a smaller foramen for nerve VII)

in this position in Ectosteorhachis, and merely

indicated that it communicated between the

temporal' (= trigemino/facialis) and 'supraotic'

(= fossa Bridgei) chambers. Passive communica-

tion between the chambers seems to us to be an

unlikely function of these foramina and, as dis-

cussed below, we suspect that they carried blood

vessels.

In QMF21 084, a groove runs forward down the

medial wall of the trigemino/facialis chamber
from the larger of the foramina that pierce the

anterior wall of the fossa Bridgei; a comparable

groove is seen in the skull of Gogonasus (ANU
49259), in which the foramen is single. Further,

in ANU49259, a second groove runs forward

from this foramen, along the mesial wall of the

chamber, just beneath the dermal roof. In turn,

this splits into two channels, one continuing fur-

ther along the wall, and the other associated with

a system of grooves on the undersurface of the

supratemporal, adjacent to the spiracular notch.

All this suggests that two structures passed

through the anterior wall of the fossa Bridgei and
ran forwards along the lateral wall of the brain-

case. The nature of these two structures is clari-

fied by reference to features at the posteroventral

edge of the fossa Bridgei in both Clada-
rosymblema and Gogonasus, as described below.

On the occiput of the Gogonasus skull

(ANU49259), a groove enters the posterior edge

of the fossa Bridgei from a ventromesial direc-

tion. From its position well posterior to both the

foramen for nerves IX and X and the

hyomandibular (see below), we believe that this

groove carried a branch of the occipital artery,

and not a dorsally coursing artery such as the

orbital artery, which is normally in an anatomi-

cally more anterior position, and which always

leaves the lateral aorta close to the hyoid arch

(Goodrich, 1958: fig. 284). Once over the lip of

the fossa Bridgei, the artery crossed the floor of

the fossa, exiting anteriorly and giving rise to

temporalis and supraorbital arteries of the

trigemino/facialis chamber. A similar pattern can

be seen in Cladarosymblema (Figs 29; 35), in

some specimens of which the split evidently oc-

curred before the passage through the anterior

wall of the fossa Bridgei; in those specimens two
foramina are seen here; in other specimens the

split occurred after the wall was penetrated, and
only one foramen is present. In QMF21084 a

well-defined groove crosses the floor of the fossa

and leads to the foramina. As noted above, spec-

imens of Cladarosymblema show both patterns,

which represent individual variation with no tax-

onomic significance.

This pattern of the occipital artery differs from

that which Jarvik (1980: fig. 131) has shown in

Eusthenopteron, in which the channels for the oc-
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cipital artery are contained within the endocranial

roof. As mentioned above, the space between the

dermal roof and the endocranium in

Cladarosymblema contains an anastomosing set of

fine tubules (Fig. 31A,B) which we consider are

connected with the vertically rising occipital artery.

These tubules are much too fine to have carried the

entire blood supply for the supraorbital, infraorbital

and mandibularis arteries as shown by Jarvik ( 1 980:

fig. 131) for Eusthenopteron.

In Cladarosymblema, the crista parotica, which
forms the outer wall of the fossa Bridgei and is

best seen on QMF21085, is heavily ossified and
firmly attached to the lateral edge of the tabular;

it stands almost vertically. Ectosteorhachis

(MCZ6499) is closely similar. About half of this

vertical face on QMF21085 is occupied by a

subcircular depression lined with vesicular bone
that lacks a perichondral lining (Figs 32B; 33);

this fossa received the dorsal head or process of

the hyoman-dibular (see below). Immediately

ventral to this surface, the bone on QMF21085
has been eroded away and reveals the jugular

canal, which passes forward into the trigemino-

facialis chamber. In QMF21085, the
posteriormost parts of the canal begin to turn

ventrally, an orientation matching that shown to

better advantage on the more extensively pre-

served skull of Gogonasus (ANU49259). The
floor of the jugular canal in QMF21085 is pene-

trated by a large foramen, carrying the

hyomandibularis branch of nerve VII (Figs. 32B;

33). The nerve ran dorsally and posterolateral^,

in front of the auditory capsule in its passage from

the cranial cavity, as in primitive gnathostomes

generally (deBeer, 1937). It is likely as well that

the orbital artery left the lateral aorta at this level

and passed dorsally, as Romer (1937: 12 ; 1941:

fig. 2) has supposed in Ectosteorhachis, but the

ventral parts of the skull that would document its

passage in Cladarosymblema are not preserved in

the specimens that we have available.

Smithson & Thomson (1982), in their discus-

sion of the hyomandibular in Eusthenopteron,

hypothesized that the jugular canal carried the

orbital artery through part of its anterior course,

and such may well have been the case here. In

fishes, the artery in the canal is well ventral to the

floor of the fossa Bridgei, additional evidence

that the orbital artery did not pass through the

fossa. Furthermore, Gogonasus shows a distinct

notch on the ventral rim of the facet for the ventral

hyomandibular process; perhaps this notch marks
the ascent of the orbital artery, in which case the

vessel passed anterior to the hyomandibular and

did not enter the jugular canal. Jarvik (1980: figs

78, 86) shows the orbital artery in a position

anterior to the hyomandibular in Eusthenopteron,

but passing through foramina that we believe

were occupied by branches of nerve VII alone

(see below). Below the jugular canal on
QMF21085, the uppermost parts of the ventral

articulation for the hyomandibular are lined with

vesicular bone like that in the upper facet. Both
facets are comparable in position to those in

Ectosteorhachis (MCZ6499), but the canal in

Cladarosymblema seems to have been substan-

tially larger in diameter and located in a more
ventral position. Given the limitations of the sam-
ple, the meaning of these differences is not

known.

Ventral Surface. The ventral side of the endo-

cranium of the otico-occipital unit is not well

preserved in any of our specimens, but some
useful information about its features is available.

The notochordal chamber has robust walls, the

internal surfaces of which show strong annular

markings. Similar markings are seen in

Gogonasus, and presumably reflect the pattern of

organization of the connective tissue sheath that

surrounded the notochord. Enough of our mate-

rial is preserved to show that a median space was
originally present anteroventrally in the endocra-

nium of the otico-occipital unit such that the walls

of the notochordal canal did not meet to enclose

the notochord anteroventrally (Figs 36B; 40). In

life, an arcual plate presumably covered this

space, as Jarvik (1980) has shown in Eu-
sthenopteron. The more posterolateral region,

around the vestibular fontanelle, is not preserved

in any of our specimens. The skull of Gogonasus
shows that the bone is very thin here and, hence,

would be easily destroyed, either prior to burial

or in preparation. However, our comparative ma-
terial of Ectosteorhachis (MCZ6499) shows no
development of the vestibular fontanelle what-

ever; the area in this specimen is completely

sheathed in bone, and the structure in

Cladarosymblema may well have been the same.

Ectosteorhachis shows no sign of a fenestra

ovalis such as Jarvik (1980: 118, 126) has recon-

structed as adjacent to the ventral surface of the

articulation for the hyomandibular in Eu-
sthenopteron.

A broad triangular surface of bone that served

for the attachment of the basicranial muscles

(Figs 36B; 40) forms the floor of the otic region.

This continuous plate, which is best preserved in

QMF21 084, is composed of thick vesicular bone
and is strongly attached to the equally thick walls
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the hypotic branch of

nerve VII. A foramen

occurs in the same posi-

tion in Gogonasus as

well.

Perichondral Cover-

ing of the Braincase.

The posterior part of the

braincase enclosing the

brain stem is narrow,
domed and with a floor

that is distinctly arched

from side to side. Poste-

riorly three to five fo-

ramina exit

ventrolaterally on each

side (Fig. 35). Presum-
ably, these carried small

vessels and spino-oc-

cipital nerves, including

perhaps fibres of nerve

XII. They undoubtedly

connect with at least

some of the several

small foramina that

open externally on the

occiput on either side of

the foramen magnum.
Anteriorly, the roof of

the braincase is com-
posed of gently wrin-

kled perichondral bone
forming a shallowly in-

FIG.31. Cladarosymblemanarrienense. A,B, ventral views of incomplete otico-oc- clined surface that ex-

cipital shields, QMF26567 and 3 1 863, with most of the endocranium removed to tends back posteriorly to

show reticulation of tubules between the roofing bones and the endocranium t ne supra-otic cavity
(arrows). Scale: 10mm.

of the notochordal chamber. Posterolateral^ on

this plate, a conspicuous foramen opening an-

teroventrally carried the palatal branch of nerve

VII as it left the endocranium (Figs 36A,B; 37);

a similar foramen occurs in Ectosteorhachis

(MCZ6499) (see Romer, 1937: fig. 4) and is

referred to by Jarvik (1980: fig. 78) as carrying

the orbital artery as well as the nerve. Further

anteriorly on QMF21085, and less well shown on
QMF21084, on the dorsal side of the plate and

lateral to the groove holding the jugular vein, a

second foramen opens (Fig. 32B: white arrow);

this foramen leads into a posteroventrally in-

clined tube which, although its posterior end is

not exposed, seems to join with the canal for the

hyomandibularis nerve. It must therefore be a

branch of nerve VII. Romer (1937: fig. 2) labelled

an opening in this position in Ectosteorhachis as

(Figs 32A; 36A.B; 37).

As QMF21085 shows,

at the level of this cavity the roof of the braincase

rises abruptly and steeply, enclosing a deep

pocket subdivided at the midline by a low ridge

but no bony median septum. Although insuffi-

cient exposure of the region makes description

difficult, it must have contained high pouches for

the superior sinuses of the otic cavity and the

endolymphatic sacs. Those of the two sides must

have been in contact medially. Posteriorly from

each of the pocket subdivisions, the foramen

identified above as pertaining to the endolym-

phatic duct opens to the dorsal surface of the

occipital shelf (Figs 38A,B; 39A,B). These

spaces for the supra-otic cavities, the superior

sinuses and the endolymphatic sacs, are very

different in position and shape from those figured

by Romer ( 1 937) for Ectosteorhachis nitidus, and
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we have no means of comparing them with

Megalichthys hibberti.

Adjacent to the intracranial joint, the most
anterior part of the roof of the braincase in the

otico-occipital unit is marked by a distinct sub-

circular depression, sometimes partly encircled

by a horseshoe-shaped groove (Figs 32A; 36A;

37) (see QMF21084, 21085, 21 109); two larger,

shallower, and less distinct depressions are lo-

cated posterolaterally to this. According to Jarvik

(1980: fig. 89B) these depressions in Eu-
sthenopteron probably reflect the position of the

optic lobes in the roof of the brain. Wesee no
reason to dispute this interpretation.

Three conspicuous foramina mark the passage

of major nerves and a vein through the braincase

wall into the trigemino/facialis chamber. Of the

three, the anteriormost foramen is the largest and

penetrates the wall more dorsally than the others

(Figs 32B,C; 33; 41). It is the opening for the

maxillary and mandibular branches of nerve V,

corresponding in position to the same foramen in

Ectosteorhachis (Romer, 1937: fig. 2; Thomson,
1967: figs. 1, 3). Immediately posterior to this, a

second foramen opens at the end of an oblique

tube that passes forward through the braincase

wall. This foramen is well shown on QMF21085,
and it carried the anterior lateralis branch of nerve

VII in Romer' s (1937) terminology, and the op-

thalmicus superficialis ramus of VII in

Thomson's terminology (1967); we prefer

Thomson's terminology. Posteriorly from that

point our specimens are damaged, and the surface

where the oticus branch of nerve VII would be

expected to have left the chamber wall has been

impaired (Romer, 1937; Thomson, 1967). We
have not been able to identify its foramen. Below
and slightly posterior to the exterior ophthalmi-

cus superficialis foramen, on QMF21085, a third,

large foramen is present (Figs 32B,C; 33). Its

ventral edge is not preserved in this specimen, but

its dorsal rim is ventral to a thick horizontal ridge

that in turn is ventral to the previously described

nerve foramina. This opening marks the exit of

the middle cerebral vein immediately prior to its

junction with the jugular vein as the latter passed

posteriorly in the jugular groove (see Romer,
1941: 153-154). The middle cerebral vein is a

major drainage vessel of the endocranial cavity,

and the size of this foramen in Cladarosymblema

is in accord with its significance.

By contrast, in Gogonasus, there are only two
major foramina anteriorly in the wall of the

trigemino/facialis chamber, an anterior large one,

for the mandibular and maxillary branches of

nerve V, and a smaller posterior one, for the

anterior lateralis VII. Both are at the same level

in the braincase wall, as in Cladarosymblema.

Also as in Cladarosymblema, they are situated

dorsal to a longitudinal ridge that extends along

the inner wall of the braincase. The more exten-

sive preservation of Gogonasus shows, however,

that this ridge is simply the dorsal edge of a broad

groove that ran along the internal surfaces of the

cranial cavity near its floor. Wesuggest that this

groove marks the limits of a lateral venous sinus,

and that the middle cerebral vein drained from
this sinus through the foramen in QMF21085,
below the level of the foramina for the rami of

nerve V and VII. In Gogonasus* however, there

is no foramen here for the middle cerebral vein.

Instead, there is a conspicuous notch lined with

periochondral bone further forward at the anterior

edge of the braincase wall; this notch also termi-

nates the ventral groove. Wesuggest that these

relations indicate that in Gogonasus the middle

cerebral vein exited anteriorly, to join with the

jugular vein within the soft tissues of the in-

tracranial joint, anterior to its position in

Cladarosymblema, Ectosteorhachis and, by im-

plication, other megalichthyids.

Romer ( 1 937) and Thomson ( 1 967) indicated that

the profundus branch of the trigeminus (nerve Vi)

left the braincase in E nitidus through soft tissue

between the two units, and we have no evidence to

indicate that the nerve followed a different course

in Cladarosymblema. Dorsal to the level of the

nerve foramina, the braincase wall of QMF21085
is marked by a series of parallel, irregularly vertical

ridges (Fig. 32C). These probably reflect the attach-

ment of palatal levator muscles.

In Eusthenopteron, Jarvik (1980) has identi-

fied a depression on the posterior wall of the

trigemino/facialis chamber, adjacent to the spi-

racular notch in the dermal roofing bones, as

indicating the position of the spiracular divertic-

ulum; Thomson (1967: fig. 1) shows the spiracu-

lar diverticulum in the same position in

Ectosteorhachis. One of our specimens of
Cladarosymblema, QMF21085, has a shallow

depression here bordered by two pairs of blunt,

knob-like processes, one above the depression,

the other below; none of our other specimens is

preserved in this region. In Gogonasus, a shallow

depression occurs in a somewhat more mesial

position on the posterior wall of the chamber,

beneath the foramen for the occipital artery or its

branches. In keeping with Jarvik (1980) and

Thomson (1965, 1967), we suggest that this de-

pression marks the position of the spiracular di-



154 MEMOIRSOFTHEQUEENSLANDMUSEUM

FIG. 32. Cladarosymblema narrienense. A-C, an-

teroventral, and right and left lateral views of incom-

plete otico-occipital unit, QMF21085. In A, white

arrows indicate foramina for the occipital artery in the

anterior wall of the fossa Bridgei. In B, black arrows
indicate the dorsal and upper part of the ventral

hyomandibular attachments. White arrow indicates

position of hypotic branch of nerve VII as it exits the

endocranium. Parts of both the left and right walls of

the braincase have been broken away so that the

foramina on the left side of the braincase are more
clearly exposed than those on the right. The photo-

graphs have been made to show these to advantage.

Asterisks indicate positions of nerves and vessels on
the left side of the braincase, viewed from inside the

braincase in B and from outside in C. (See Fig. 33 for

interpretation.) Scales: 10mm.

verticulum in both Cladarosymblema and
Gogonasus.

In our specimens of Cladarosymblema, the

saccular region of the otic capsule is not well

preserved and we are unable to determine the

configuration of the sacculus, utriculus and the

relevant nerves. However, in QMF21084 it is

possible to infer that the the sacculus is not as

extensive laterally as the sacculus illustrated by
Romer (1937: figs 8,9) for Ectosteorhachis, be-

cause it has to fit within the confines of the

surrounding bones. Only a fragment of the utric-

ulus is represented on the same specimen, and it

must have been only a slight swelling. The hori-

zontal and posterior vertical semicircular canals

are best shown on QMF21085 (Fig. 34A), but

they cannot be seen in their entirety. The vertical

canal must have been more depressed than semi-

circular to fit beneath the roofing bones.

HYOIDSERIES

Hyomandibular. One well-preserved right

hyomandibular, QMF21107, is known from
Cladarosymblema. It resembles that of Eu-
sthenopteron in general but differs significantly

from all available descriptions and figures of that

element in several ways. Among the more im-

portant of these is its display of features that

Jarvik (1954) described for the Eusthenopteron

hyomandibular, but which Smithson &Thomson
(1982) had not found during their more recent

review. Despite its importance for the study of the

origin of tetrapods, the bone is poorly known in

osteolepiforms, with extensive descriptions only

for Eusthenopteron and Ectosteorhachis (Eaton,

1939; Romer, 1941; Westoll, 1943).

The hyomandibular of Cladarosymblema is

deeper relative to its length than that of Eu-
sthenopteron (compare our Figs 43 & 44 with

Jarvik, 1980: fig. 107) but, as in the older genus,

it is narrow mesiolaterally; that of Ecto-

steorhachis is more rod-like. Although relatively

large when compared with the tetrapod stapes, the

hyomandibular appears to have been constructed

of delicate vesicular bone covered by a thin,

dense layer of perichondral bone on all its exter-

nal surfaces except the anteroventral extremity.

This light construction of the hyomandibular con-

trasts with the much denser bone of the lateral

walls of the braincase in the area of articulation

of the hyomandibular to the side of the skull. In

that sense, the hyomandibular of
Cladarosymblema is not a massive bone at all

(see Romer, 1941: 150).

At its proximal end, QMF21107 shows two
vertically ovoid facets of unfinished bone, the

dorsal and ventral processes; the dorsal process is

slightly deeper and anteroposteriorly narrower
than the ventral process. Between the two pro-

cesses is a thin lamina of perichondral bone (Fig.
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lateral line canal
dorsal hyomandibular attachment
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attachment

FIG. 33. Outline drawing of the view shown in Fig. 32B.

43H), much as described by Romer (1941) for

Ectosteorhachis, and Smithson & Thomson
(1982) for Eusthenopteron.

Only one specimen in our collection, QMF
21085, clearly preserves the articulating surfaces

of the skull that supported the hyomandibular
(Fig. 32B; 33). The large dorsal facet lies on the

lateral wall of the fossa Bridgei and extends from
just beneath the skull roof to the dorsal margin of

the jugular canal. The lower facet borders the

jugular canal ventrally, but only the dorsalmost

extent of this facet is preserved on our specimen.

Nonetheless, it is evident from QMF21085 that

in Cladarosymblema much of the jugular canal

between these facets was open laterally, with the

lateral commissure being limited to a more ante-

rior position. In this respect, Cladarosymblema
closely resembles both Ectosteorhachis

(MCZ6499) and Gogonasus (ANU49259), in

which the lateral commissure is limited to a thin

strip of bone entirely anterior to the hyomandibu-
lar; in both these genera also, the jugular canal is

open laterally at the level of the hyomandibular.

The dorsal margin of the hyomandibular of

Cladarosymblema continues distally in a nearly

horizontal direction for slightly more than half of

the total length of the bone (Figs 43E,G; 44A,C).
This margin is crossed by a well-developed dorsal

groove that obliquely traverses the hyomandibu-
lar, and then continues down on to its anterolat-

eral side (Figs 43E,F; 44A-C ). The perichondral

bone that lines this groove is more dense than that

of the adjacent surfaces, which appear somewhat
spalled on this specimen, and this feature, com-
bined with the geometry of the groove itself, can

leave no doubt that this structure was real, and
that it has anatomical significance. As final con-

firmation, the groove has its obvious counterpart

in Gogonasus (Fig. 45A,B,E), where it has the

same orientation as in

Cladarosymblema.

Jarvik (1954) described

a groove comparable
with this in the

hyomandibular of Eu-
sthenopteron', he be-
lieved the groove
carried the ramus
hyoideus of the
hyomandibular trunk of

nerve VII. In the Eu-

sthenopteron

hyomandibulars avail-

able to them, however,
Smithson & Thomson
(1982) found the dorsal

groove to be variable in its occurrence, not rec-

ognized at all on one individual (the 'Gosselin'

skull), but 'reasonably distinct' on the right side

of ROM1234, a braincase with associated

hyomandibulars. Smithson & Thomson (1982)

concluded that the groove Jarvik had described

was of no significance. They argued that its more
medial parts were an artifact of preservation, the

lateral parts were variable in occurrence (as al-

ready noted), and that in no living fishes does the

hyoid ramus loop dorsally over the hyomandibu-
lar. However, our specimens indicate that Jarvik

was correct, at least in his determination that the

dorsal groove is an anatomically real feature of

the hyomandibular in osteolepiforms. Indeed, the

hyomandibular of Gogonasus shows that not only

is the dorsal groove present, but that it continues

down on to the anterolateral face of the bone,

towards a conspicuous depression (see below)

adjacent to the distal opening of the hyomandibu-
lar canal (Fig. 45A,B). Wehave observed that in

other parts of the cranial skeleton of
Cladarosymblema, impressions of nerves and
vessels into bone surfaces are highly variable

between individuals; we therefore do not accept

that the absence of a groove in some specimens
of Eusthenopteron is valid evidence that no struc-

ture crossed the hyomandibular dorsally. The
presence of this groove in specimens representing

three divergent osteolepiforms, Eusthenopteron,

Cladarosymblema and Gogonasus, indicates that

it was a feature of primitive osteolepiforms.

But what did it carry? If Jarvik's (1980) argu-

ment that it carried the hyoid nerve is to be

accepted, one must confront the objection by
Smith & Thomson that no modern fish species

shows a similar course for this nerve. Alterna-

tively, the groove may have carried a vessel, but
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FIG. 34. Cladarosymblema narrienense. A, posterolateral view of an otico-oc-

cipital unit showing the wall of the endocranium, QMF21085; arrows indicate

vertical and horizontal semicircular canals, and X indicates the foramen for the

posterior lateral line nerve. (See also Fig. 35.) B, lateral and slightly posterior

view of QMF21084, which has an eroded posterolateral wall of the endocra-

nium exposing several otherwise unknown features. For explanation see Fig.

35. Scale: 10mm.

similar impediments apply to this interpretation.

The only vessel that suggests itself as relevant is

the efferent hyoid artery. In Eusthenopteron, ac-

cording to Jarvik (1980: fig. 107), this artery

entered the hyomandibular accompanying the

hyomandibular nerve. But if it followed the dor-

sal groove, the artery arose in a mesial position at

its proximal extremity (behind the hyomandibu-
lar) coursing to a lateral position distally, in front

of the hyomandibular. The skull of Gogonasus
(see ANU49259; WAM86.9.661) provides addi-

tional evidence bearing on this problem. Espe-

cially well defined on the right side, is a short,

shallow groove that leaves

the posterior opening of the

jugular canal dorsally and
curves towards the dorsal

facet of the hyomandibular.

Whenthe hyomandibular is

manually articulated to the

skull in this specimen, the

most proximal part of the

hyomandibular groove is

brought immediately adja-

cent to the groove from the

jugular canal. Clearly, the

two grooves reflect the

course of the same struc-

ture, either a vessel or a

nerve; the available evi-

dence is inadequate to de-

termine which.

Along the dorsal edge of

QMF21107, distal to the

dorsal groove, is a depres-

sion exposing vesicular

bone (Figs 43E,F; 44A,B);

in life this was probably

continued dorsally in carti-

lage. A low bony process

arises in this same position

on the hyomandibular of

Gogonasus, and partially

borders the dorsal groove

mesially. Beyond this de-

pression in

Cladarosymblema, the dor-

sal margin of the

hyomandibular abruptly de-

scends obliquely to the

most distal extremity of the

bone as in Ectosteorhachis

(Romer, 1941: fig. 1). The
dorsal margin is not

smoothly curved as is

shown in Smithson & Thomson's (1982) figure

of the Eusthenopteron hyomandibular. In

Gogonasus, the descent of the dorsal margin dis-

tally is also abrupt, but not at as steep an angle as

in Cladarosymblema. The most proximal parts of

the descending dorsal edge on QMF21107 are

widened and enclose an elongate depression of

vesicular bone that lacks a periochondral cover-

ing. Here, too, this area in life must have been

capped or otherwise continued in cartilage. A
comparable surface is seen on the hyomandibular

of Gogonasus (Fig. 45). This depression clearly

corresponds to what Romer (1941) has identified
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as the opercular process in the hyomandibular of

Ectosteorhachis, and Jarvik (1954) in Eu-
sthenopteron. However, Smithson & Thomson,
together with Westoll (1943), saw no process or

other structure in that position. Its presence in

Cladarosymblema, Gogonasus, and at least some
individuals of Eusthenopteron (its apparent ab-

sence from other individuals may well be an

artifact of preservation) implies that a connection

between the hyomandibular and opercular is

primitive in osteolepiforms. Indeed, the internal

surface of the opercular of Cladarosymblema
appears to have an attachment surface in this

position (see below). This is not surprising in

view of the accounts of primitive fishes by Lauder
(1980a,b;1985).

Smithson & Thomson (1982) identified a pre-

opercular process on the lateral side of the

hyomandibular of Eusthenopteron, beneath the

distal opening to the hyomandibular canal. Nei-

ther Cladarosymblema nor Gogonasus shows a

process, tuberosity, or any other discontinuity of

the surface here that might indicate an articula-

tion between the hyomandibular and preopercu-

lar. In any case, an attachment between the

preopercular and hyomandibular is unexpected

on functional grounds. The preopercular is nor-

mally a fixed bone, whereas the hyomandibular

is an integral component in the kinetic action of

the skull, as Thomson (1967) has already shown.

Overall, the anterolateral side of the

hyomandibular in Cladarosymblema is dorso-

ventrally convex. However, as mentioned above,

it is marked distally by the deep depression that

is adjacent to the lower opening of the

hyomandibular canal. Similar features are pres-

ent in the hyomandibular of Gogonasus. The

hyomandibular canal opens proxi-

mally on the posteromesial side,

which is concave, at the end of a

short deep groove that begins be-

tween the dorsal and ventral pro-

cesses. Whenthe hyomandibular is

manually articulated with the skull

in both Cladarosymblema and
Gogonasus, this groove, and hence
the hyomandibular canal, is in

open continuity with the jugular

canal passing mesially to it, with

the lateral commissure occupying
a more anterior position. This
means that there is no bony separa-

tion between the two canals, and
the hyomandibular nerve could

turn directly into the canal at the

base of the hyomandibular. Whereas the posterior

opening of the jugular canal appears to occupy

this same relationship to the hyomandibular in

Eusthenopteron, the lateral commissure extends

further anteriorly and the fully enclosed parts of

the canal are comparatively longer than in either

Cladarosymblema or Gogonasus. All authors ap-

pear to agree that the hyomandibular canal car-

ried the rami mandibularis externus and internus

(chorda tympani), and we see no reason to con-

clude otherwise for Cladarosymblema.

The posteromesial surface of QMF21107
shows other features of interest, and at least some
of these also occur in Gogonasus. Distal to the

proximal opening of the hyomandibular canal on
QMF21107, the more dorsal parts of the

posteromesial face are occupied by an elongate

depression having a well-defined ventral rim and

a surface crossed by several short, irregular ridges

(Figs 43G; 44C). A similar depression is seen in

Gogonasus. This depression probably furnished

the attachment area for the adductor
hyomandibularis muscle, with its most ventral

extent marked by the ventral rim. Romer (1941;

fig. 1) believed that this groove in Ectosteo-

rhachis marked the course of the vena capitis

lateralis (=jugular vein), but manual articulation

of the hyomandibular on the skull of Gogonasus
shows that the jugular canal is too mesial and

curves in too marked a ventral direction opposite

the hyomandibular for the groove to reflect the

passage of the vein. Also occurring within the

adductor depression, but well set off distally from

the opening of the hyomandibular canal, is a short

oblique groove that leads to a narrow canal. From
the angle of the orientation of this groove, the

canal probably merged with the hyomandibular
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FIG. 36. Cladarosymblema narrienense. A-B, anterior

and ventral views of QMF21084. Note particularly the

foramina for the lateral line canals lateral to the articula-

tory processes in A (arrows), and the foramina for the

palatal branch of nerve VII (arrows) in the flat triangular

plate for the attachment of the basicranial muscles, in B.

For interpretation see Fig. 37. Scale: 10mm.

canal within the hyomandibular; there is no alter-

native exit visible externally. The left

hyomandibular of Gogonasus shows what is un-

doubtedly the homologous foramen, but in that

specimen it is located closely adjacent to the

proximal entrance of the hyomandibular canal,

being separated from it by only a narrow bridge

of bone; this bridge has been broken away on the

right hyomandibular of the same specimen.

Jarvik (1954) and Smithson & Thomson (1982)

illustrated a foramen in this position in Eu-

sthenopteron; Jarvik (1954) identified it as a fo-

ramen for a vein, and Smithson & Thomson
(1982) left it unidentified. Its undoubted occur-

rence in Eusthenopteron, Cladarosymblema and

Gogonasus indicates that it is a real feature, a

conclusion supported by the groove associated

with it in QMF21107. Perhaps as Jarvik (1954)
suggested, it carried a vein; but to us it seems
more probable that it carried a nerve which, from

its position on the mesial side of the hyomandibu-
lar, would have been the opercularis ramus of

nerve VII. In Ectosteorhachis, Romer ( 1 94 1 : fig.

1) illustrated a foramen for the opercularis nerve

distally on the side of the hyomandibular; there is

no foramen in this position on QMF21107.
On QMF21107 beneath the ridge marking the

ventral limit of the adductor hyomandibularis

musculature is a long narrow groove that extends

from the ventral process to the lateral edge of the

bone, beneath the opercular process (Figs 43G;
44C). Romer (1941) identified a groove in this

position in Ectosteorhachis as indicating the path

of the pretrematic branch of the glossopharyngeal

(IX) nerve. Smithson & Thomson (1982) re-

ported that this groove is absent in Eusthenopte-

ron. It is present and well defined in both

Cladarosymblema and Gogonasus, although it is

very nearly straight in Gogonasus. No other con-

spicuous features are present on the mesial face

of the hyomandibular in either Cladarosymblema
or Gogonasus,

Smithson & Thomson (1982) identified a distal

surface that could mark the attachment of the

stylohyal, but neither QMF21107 nor the

Gogonasus hyomandibulars are well enough pre-

seved in this area to provide any additional infor-

mation that might confirm this articulation or

allow further elaboration of its features.

In the osteolepiform hyomandibular, the

hyomandibular canal crosses from its mesial,

proximal entrance to a lateral and distal exit,

opening in a deep depression (see above) towards

the distal end of the bone. Along the dorsal side

of this depression in Cladarosymblema (Fig.

43E) is a system of short irregular ridges and pits

that served as attachment surfaces for the protrac-

tor hyomandibularis muscle (Jarvik, 1954;

Smithson & Thomson, 1 982). In Gogonasus, this

depression is shallower on the right hyomandibu-

lar than on the left, but on both there is a well-de-

veloped complex of irregular surfaces consistent

with muscle attachment (Fig. 45A,F). The right

hyomandibular of the Gogonasus specimen has

particularly well-preserved surfaces in this area.

The specimen clearly shows the dorsal groove

continuing down the lateral face of the bone into

the distal depression, running proximally and
ventrally to the scars for the protractor muscle.
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The hyomandibular canal carried the
hyomandibular nerve; whether it was divided into

external and internal mandibular rami within the

canal or only after exiting the canal, is not known.
On QMF21107 the canal has been cleared of

matrix; direct inspection of its walls gives no
indication of a subdivision such as would be

expected if the canal carried two major nerve

rami within it. More distally, but still within the

confines of the hyomandibular, it appears that the

nerve split, following the pattern seen in other

osteolepiforms: the more dorsal trunk, presum-
ably the ramus internus, left by passing under a

small bridge of bone, incomplete on our speci-

men; the other, the ramus externus, passed over a
raised platform or pad of bone distally on the

hyomandibular before continuing onward to the

lower jaw (Fig. 43E). These features are not pre-

served on the Gogonasus specimens; Smithson &
Thomson (1982) report a distal bridge of bone in

the same position as that on QMF21107, but it is

complete.

Urohyal*. Laterally compressed bones
(QMF26573, 26574 and 26576) that have a short

anterior stem and a blade-like posterior section,

represent the urohyal of this species (Fig. 43A-
D). In making this interpretation we have taken

into account that these bones are obviously from
the midline of the animal; they are cartilage bones
with a thin perichondral layer on the lateral, ven-

tral and dorsal surfaces, and exposed dense en-

dochondral bone at the anterior and posterior

ends; the bone texture is very similar to that of a

large number of visceral bones found in the same
etches; and the bones have a shape similar to that

of the urohyal in Eusthenopteron foordi (Jarvik,

1980: fig. 1 12D). The anterior stalk is about half

the length of the bone, is elliptical in cross-section

with the long axis of the ellipse vertical. The
posterior blade is approximately two-thirds as

high as long, has a truncated posterior end and a

variably shaped anterior end. The posterior edge
is truncated, and low on its surface an isthmus of

perichondral bone separates a large dorsal and a

smaller ventral surface to which other cartilagen-

ous elements were attached. Its posterior end is

less angular than that of the urohyal of E. foordi.

Both the ventral and dorsal surfaces of the blade

are distinctly flattened. Jarvik (1980: vol.2, figs

109; 117) showed the geniohyoideus and
hyogenioglossus muscles attached to the blade of

the urohyal in Eusthenopteron. The blade in C.

narrienense shows strong concentric ridges that

we interpret as reflecting growth stages; they are

not interrupted as would be expected if muscles

articulator/ surface
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roof of braincase

articulator surface

lateral line canal

foramen V , V

foramen for

palatinus N VII

area for attachment o(

baslcranial muscle

roof of notochorrJal

chamber

FIG. 37. Labelled key to Fig. 36A.

were attached to these surfaces. So far as we are

aware, no other megalichthyid urohyal is known.

Mandible
Wehave more than 20 mandibular elements,

some preserved as more or less complete rami,

but the majority fragmentary (Figs 46-5 1 ; 54-56;

57A-G). Nine specimens have the posterior end
at least partly preserved, and of these eight pro-

vide significant information on the glenoid fossae

and the foramina and grooves in the vicinity of

the articulation. The smallest complete specimen
is only about half the size of the largest. The
fractured specimens are very valuable because
they provide information on the lateral line canals

and the grooves in the open spaces within the jaw.

One specimen, QMF31861, consists of the exter-

nal dermal bones from the posterior extremity
with part of the articular still attached, and a

second one, QMF21100, has the same posterior

part preserved and extends a little further anteri-

orly. These specimens have been particularly use-

ful because they exhibit the courses of the canals

from the exterior into the Meckelian space as well

as the lateral line entry point. This wealth of

material provides the opportunity for a discussion

of variation that is unusual for the osteolepiforms.

General Form. In lateral profile (Figs 46A; 48;

49A,D) the mandible varies in height systemati-

cally along its length, the minimum height / max-
imum height ratio being c.0.75. Posteriorly the

dorsal edge turns downwards as it does in

Megalichthys, but unlike some specimens of that

genus, the ventral edge invariably turns upwards
towards the posterior end of the mandible. The
maximum mandibular height is a short distance
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FIG. 38. Cladarosymblema narrienense. A,B,
posterodorsal views of two otico-occipital units,

QMF21084 and 21094. The vagus nerve X foramen,

indicated by an arrow, is hidden beneath a ledge of

bone. (For lateral view of A see Fig. 34A, and for its

interpretation, Fig. 39.) Scale: 10mm.

in front of the glenoid articulation and not near

the anterior end of the jaw (cf. the mandible of

Gogonasus in Fig. 52A,B). Towards the anterior

end, most individuals show an embayment in the

ventral edge, its depth varying from specimen to

specimen. Presumably it allowed for the articula-

tion of some of the submandibulars, but, as is

shown below, it also made space for the passage

of a nerve and an artery. In dorsal view, the

curvature shows an increase anteriorly (Figs 46C;
47B;49C).

A submandibular furrow of variable depth lies

along the ventral edge of the mandible just inside

the external dermal bones. This furrow has two
distinct parts, an outer surface on the infradentar-

ies for the articulation of the submandibulars, and

an inner deeply concave surface along which

traversed nerves and vessels which are discussed

below. The double nature of this furrow is well

shown in Figs 46D and 49E.

External Dermal Bones. The external dermal

bones are all cosmine-covered and are usually

smooth. However, two individuals, QMF21101
and 21090 (Fig. 49A,D, respectively), display

areas of resorption. In the former, patches where

the cosmine has been removed are obvious; the

latter has less continuous areas of resorption, and

some of these contain irregular blisters of new
cosmine that rise above the general surface.

These blisters resemble some of the new-growth

cosmine on the scales, the significance of which

will be discussed below when dealing with scale

morphology.

The sutures between the external dermal bones

cannot be recognised consistently on any speci-

mens, irrespective of their size, thereby creating

a major problem for us when comparing
Cladarosymblema with other species. On most

specimens, a clear incision is observed approxi-

mately in the position one would expect to find

the suture that separates the dentary from the

infradentaries, but it becomes obscure anteriorly.

Within this incision a row of pores of the same
kind as those that occur in other pit-lines can be

seen, so there is no question that the incision is a

pit-line and not a suture. This is in accord with

previous work (Watson, 1926; Jarvik, 1942,

1980; Borgen, MS), but the pit-line has been

considered by most workers to lie along the suture

between the dentary and the infradentaries. How-
ever, X-radiographs of three specimens from
which the internal bones have been removed,

show that most of the ventral edge of the dentary

lies dorsal to the pit line and diverges from it (Figs

54-56). Jarvik (1980) recorded that the dentary in

Eusthenopteron is overlapped by the infradentar-

ies, and it is clear that such an arrangement could

cause difficulty in the interpetation of X-radio-

graphs. Broken edges of mandibles of G nar-

rienense, however, show no sign of such an

overlap. This implies that the standard interpreta-

tion of Megalichthys (Watson, 1926; Borgen,

MS) needs to be re-examined, a process that can

be undertaken only by sectioning or X-radiogra-

phy.

The sutures between the infradentaries are not

obvious on the external surface of any of our

specimens, but two, QMF21088 and 2 1030, show
rows of peculiar short oblique en echelon mark-
ings in the approximate position of the angu-

lar/surangular and the postsplenial/angular
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sutures; a third, QMF31867, has what are proba-

bly incomplete surangular/angular and angu-

lar/postsplenial sutures (Fig. 55A: arrows). The
interpretation of these markings is not clear, al-

though on one specimen, QMF21089, they have

been observed in line with a definite suture, and

might therefore be thought to mark an extension

of a suture. However, such a view is untenable,

because such markings have also been found on

a lateral gular (QMF26543) where they are obvi-

ously not related to sutures. X-radiographs show
the centres of ossification of the infradentaries,

and these can be confirmed on the internal sur-

faces of some bones; the boundaries between

these bones can be defined with some confidence

by the joint use of X-rays and radial markings
around the centres of ossification on the bone
interiors. The very posterior position of the centre

of ossification of the surangular is a remarkable

feature, as is the great size of that bone.

Note that we have been unable to find

the boundary between the splenial and
postsplenial. This does not mean that

we consider the two bones to be fused,

but rather that the suture cannot be
seen on any of our material. The most
probable reconstruction of the external

dermal bones is given in Fig. 48.

The horizontal pit-line is well devel-

oped on all specimens. It rises to, or

almost to, the dorsal edge of the man-
dible just posterior to its highest point.

From there it turns posteroventrally

parallel with the edge of the cosmine,

although it shows some minor flexing

in some specimens. This line isolates a

cosmine-covered strip from which a

low naked blade rises up against the

anterolateral wall of the articular (Figs

46A; 49A,D). In M. hibberti, Watson
(1926: fig. 37) and Borgen (MS) re-

cord marked deflections of the hori-

zontal pit-line where it meets the

sutures between the infradentaries. No
such deflections are present in C. nar-

rienense, in which the line is straight

or only gently flexed.

A vertical pit-line is situated towards

the front of the mandible, approxi-

mately in the same vertical plane as the

anterior coronoid tusk. It is never

straight, but stands vertical in its lower

course from the ventral edge, bending

forwards to a variable extent towards its upper

edge in different specimens (Figs 46A; 48; 49D).

The extent of the bending is not correlated with

the size of the specimen. On several specimens a

group of special sensory pores lies either slightly

in front of the vertical pit-line or straddling it.

Where this group has not been observed, its ab-

sence is probably the result of cracking or abra-

sion.

Small teeth occur along the dentary from a

point just behind the anterior end of the adductor

fossa almost to the median symphysis. The crest

of the dentary is formed of finished bone with the

cosmine turned inwards slightly, and the teeth

stand inside this edge at a somewhat lower level.

The teeth vary little in size, are turned slightly

inwards, and are too poorly preserved to deter-

mine their replacement pattern. Inside the tooth

row along most of its length, there is only a very

narrow shelf against the coronoids. Lateral to the

median symphysis, however, the dentary thick-
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FIG. 40. Cladarosymblema narrienense. Reconstruc-

tion of the otico-occipital unit in ventral view, based

on all available specimens.

ens and widens to form a wider shelf, which

carries a tusk and one or two pits (Figs 46C; 47B;

50D.E; 57A-E). As the dentary shelf widens, it

carries a distinct groove that continues around the

front of the jaw anterior to the parasymphysial

plate. The row of small teeth that runs along the

dentary is usually absent in front of the tusks, but

occasionally the teeth in the row are only reduced

in number (Fig. 57A,B»D)-

The tusks are strongly folded at their bases, and

their replacement pits have radially arranged

ridges of bone of attachment. The small marginal

teeth also have folded bases, but the folding is

weak. Details of the teeth and tusks are given

below.

The lateral line canal enters the mandible

posterolaterally to the glenoid fossa, and at first

runs anteroventrally. As it approaches the edge of

the specimen, near the ossification centre of the

angular, it turns through a gentle arc to run paral-

lel with the ventral edge of that bone, from which

it is separated by about 2-3 mm. The canal is

deeply buried over its entire length. It opens to

the exterior via a number of large pores that are

scattered on either side of its course, but which

occasionally form a single line. As shown on Figs

55C and 56, the arrangement of a second row of

pores below the main canal is served by a more-

or-less regular set of tubules. The canal and its

pores are deflected around the embayment in the

ventral edge previously mentioned. Anteriorly

the canal joins its fellow below the large sym-

physial area of vesicular bone. There is no oral

branch of the canal in the surangular, and no sign

of a pit-line on that bone. Owing to inadequacy

of description and illustration, it is difficult to

determine from the literature if this is an unusual

feature in osteolepiforms.

The external dermal bones at the median sym-

physis are not complete, a space being left for a

small bone between the ventral edges of the

splenials, as in Megalichthys hibberti* This bone

is always missing on our specimens, indicating

that it was not fused into the dermal series. Such

a feature is present also on M. hibberti (Watson,

1926; Borgen, MS), and we consider that it is a

family character.
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FIG. 41 . Cladarosymblema narrienense. Labelled reconstruction of the assembled units of the cranium, showing
the main features of the skeleton.
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FIG. 42. Ectosteorhachis nitidus Cope. A,B, posterior and ventral views of MCZ6499, to show the depressed

nature of the roof and the fossa Bridgei. C, ventral view of MCZ6999, part of a cranium showing the small

submandibulars and the large median gular with lyre-shaped pit-lines particularly well. The right principal gular

shows a very transverse anterior edge and a longitudinal crack. The apparent suture on its right side has not been
identified. Scale: 10mm.

Articular and Meckelian Bones. The articular

bone is thick and long, forming a sloping poste-

rior surface to the adductor fossa (Figs 46C; 47B;

49C,F). This surface always carries ridges that

presumably indicate the positions of attachment

of the adductor muscles. The doubled glenoid

fossa is hourglass-shaped, the two fossae being in

contact (Figs 46B,C; 47B; 49C; 50B; 57F). They
are floored by coarse vesicular bone, and must

have been invested with moderately thick carti-

lage in life. The transverse axis of the whole

structure is not set at right angles to the sagittal

line; the inner fossa is slightly anteromesial and

ventral to the lateral fossa. The significance of

this arrangement is discussed in the section on
Functional Interpretation below. Ventrally, the

articular is exposed between the surangular and

the prearticular, its extent being well displayed on
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FIG. 43. Cladarosymblema narrienense. A,B, left and right lateral views of urohyal, QMF26574. C,D, right and

left lateral views of another urohyal, QMF26573. E, anterolateral. F, dorsal. G, posteromesial. H, anterior and

slightly lateral views of right hyomandibular, QMF21107. Scale: 10mm.

QMF21088, 21000 and 21 102 (Figs. 46D; 50C). where it forms the inner wall of the submandibu-

It occupies most of the posteroventral surface of lar furrow. Approaching the symphysial region it

the mandible, and diminishes in width anteriorly, becomes more extensive (see below). The extent
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FIG. 44. Cladarosymblema narrienense. A-C, labelled reconstructions of the hyomandibular shown in Fig. 43,

in anterolateral, dorsal and posteromesial views.

to which the articular is exposed on the

posteroventral surface decreases with the age of

the individual as the prearticular expands
posteroventrally over its surface. A well-pre-

served mandible of Gogonasus to which we have

access, is similar to our material, and has the

separate bones more clearly defined. In this spec-

imen a narrow strip of Meckelian bone extends

along the entire ventral surface between the pre-

articular and the infradentaries, expanding again

beneath the parasymphysial plate (Fig. 52D).

This pattern is very similar to that in QMF21088
and 21 102, a well-preserved mandible of C. nar-

rienense in which the surface of the Meckelian

bone clearly carries signs of the attachment of the

posterior intermandibularis muscle (Figs 46D;

50C). This attachment surface is widest posteri-

orly where it is well-rounded in outline, and it

gradually tapers anteriorly.

A pronounced postglenoid process is present

behind the outer glenoid fossa. The dorsal surface

of the process is usually poorly preserved, but it

is covered with slightly roughened perichondral

bone in the best-preserved individuals (Figs 49
C,F; 50B). Analogy with Latimeria suggests that

the anterior mandibulohyoid ligament was at-

tached to this dorsal face (Millot & Anthony,

1958: fig. 20), but Jarvik (1980: fig. 131) shows
the depressor mandibulae muscle in the same
position. On the ventral face of the post-glenoid

process two well-preserved specimens,
QMF21087and 31887, show a slightly vesicular

surface (Fig. 46E), but many specimens show
different amounts of bone removal, most of

which is probably post-mortem (Figs 46D;
49B,E; 50C). However, in all specimens this ven-

tral exposed scar-like surface is widest posteri-

orly and tapers anterolaterally. The scar is

separated from the bone in front by a broad, deep

and smooth furrow. A similar structure occurs in

Gogonasus, although in that form the postglenoid

process is not as large, and the furrow in its

ventral face is smaller (Fig. 52D). The nature of

the tissue attached to this ventral scar is difficult

to determine. It could be that the posterior

mandibulohyoid ligament encroached on the ven-

tral face of the process, but this is far from certain

and is in need of further research.

Internal Dermal Bones. The dominant dermal

bone on the inner face of the jaw is the prearticu-

lar, which extends along almost its entire length

but stops short of the median symphysis. It forms

the interna] rim and the mesial part of the anterior

rim of the adductor fossa (Fig. 47 A). As indicated

above, the prearticular expands posteroventrally

with increasing age of the specimen. At its ante-

rior end it tapers to an acute angle where it is

butted against the splenial and the Meckelian

bone. Adjacent to the coronoids, it is slightly

turned outwards to form a narrow flange. No-



166 MEMOIRSOFTHEQUEENSLANDMUSEUM

FIG. 45. Gogonasus andrewsae. A-C, anterolateral, dorsal and posteromesial views of the right, and D, E, F, of
the left hyomandibular of ANU49259, for comparison with Fig. 43E-G. Scale: 10mm.
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where is there a deep gutter between the pre-

articular and the coronoids as there is in

Gogonasus (Fig. 52C). Ventrally, the prearticular

lies against a narrow band of Meckelian bone
which makes a distinctive support for the junction

with the infradentaries. In the Meckelian bone,

between the prearticular and the infradentaries,

lies a deep groove for the articulation of the

submandibulars and for the transmission of

nerves and arteries (Figs 46D; 47A; 49E; 50C).

This groove is shallowest and narrowest posteri-

orly, and deepest below the posterior end of

coronoid 1; more anteriorly it remains broad but

its inner edge becomes less well defined.

On all specimens regardless of size, the dorsal

edge of the prearticular is embayed in front of

coronoid 1 to form a large slightly elongated pit,

the anterior mandibular fossa. This fossa has a

well-rounded base and is floored by Meckelian
bone, whereas variable amounts of coronoid,

parasymphysial and infradentary bone make up
its walls. Projections of these dermal bones into

the outline of the fossa are present in several

specimens (Figs 46B; 47 A; 50D,E; 51A,B). Pre-

sumably the fossa received the vomerine tusk, but

that cannot have been its only function because it

has a vascular supply suggesting the presence of
soft tissues. Such soft tissues could have been

either ligaments or muscles that would have

served to give stability to the flexible symphysis.

Running anterodorsally from below this fossa to

apoint on the symphysis below the parasymphys-
ial plate is a sharp, prominent flange (Figs 46B;
51A,B), the significance of which is not well

understood, although it could have been for mus-
cle attachment.

A second fossa, the intercoronoid fossa, which
is shallower and more elongated in outline than

the anterior mandibular fossa, also significantly

embays the prearticular. It occurs in front of, and
below, the tusk and replacement pit on coronoid

2 (Fig. 50D,E), and is lined with relatively

smooth prearticular bone.

A broad and deep longitudinal depression oc-

curs along the posterior half of the inner face of

the prearticular at about its mid-height. On most
specimens this depression or groove is devoid of

denticles, and so probably its surface was not

exposed in the buccal cavity; it must have been
embedded in soft tissue. On QMF31864, how-
ever, the groove shallows out rapidly anteriorly

and does carry denticles of reduced size (Fig.

50D). On all specimens, above this groove there

is a flattened surface that is highest at the rear and
tapers gradually to a position below the tusk on

coronoid 2, where it is deflected slightly ventrad

before fading away in front of the tusk on
coronoid 1. Posteriorly this surface lacks denti-

cles, but about one-third of the distance along the

adductor fossa, small denticles appear and rapidly

increase in number anteriorly. They normally
disappear anteriorly where the flattened surface

fades away, but on QMF31864 they continue

almost to the anterior end of the bone (Fig. 50D).
Along the crest of the surface between the ante-

rior end of the adductor pit and the tusk on
coronoid 2 lies a row of slightly enlarged denti-

cles that gradually disappear both anteriorly and
posteriorly.

Three tusks (or tusk pairs separated by a re-

placement pit) and associated pits are present on
all specimens, and so it is assumed that three

coronoids are the norm for the species. The
coronoids are well developed, and although the

sutures separating them are not visible on most
specimens, they can be approximated on
QMF21088, where they are markedly zigzagged
(Figs 46B,C; 47B). The boundary with the den-

tary is indicated on some specimens by a suture

that shows as a discontinuous line of elongated

pits. Coronoid 3 forms much of the anterolateral

rim of the adductor fossa, meeting the prearticular

at the mid-width of the rim and curving back-

wards to form a strip attached along the lateral

wall of the fossa. The surface of each coronoid is

highest laterally, falls away medially and, in

adults, carries longitudinal ridges, particularly on
coronoid 2. The lateral edge of each bone forms
a low crest of variable height, and this normally

lacks a row of denticles. It is deflected around the

tusks, but on one specimen (QMF21099), a clus-

ter of 6-7 teeth, some of which reach the size of

the smallest dentary teeth, surmount this de-

flected edge on the posterior side of coronoid 1,

and on QMF21089 three or four similar teeth lie

adjacent to coronoid tusks 2 and 3. These struc-

tures are referred to as teeth rather than denticles,

because at least some of them on QMF21089
have folded bases.

The floors of the pits immediately adjacent to

the tusks all show radial ridges, indicating that

they have been the sites of former tusks which
have been shed. The radial ridges conform with

the folding of the labyrinthine structure of the

tusks and represent bone of attachment, as is

shown by the sections dealt with in Histology

(below).

Apart from the tusks and the few clusters of

small teeth described above, the coronoids on
most specimens do not carry any dental tissue.



168 MEMOIRSOFTHEQUEENSLANDMUSEUM

FIG. 46. Cladarosymblema narrienense. A-D, lateral, mesial, dorsal and ventral views of the best preserved left

mandibular ramus, QMF21088. E, ventral view of left ramus, QMF21087. C. arrow indicates foramen for ramus

mandibularis externus VII. D, E, arrows indicate major foramina in the submandibular furrow. Scale: 10mm.
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horizontal pit-line

r —

lateral line vertical pit-line

FIG. 48. Cladarosymblema narrienense. Outline drawing of external surface of a

mandible showing bone boundaries, centres of ossification, pit-lines and lateral

line canal. The radiation centres of the surangular and angular are derived from
X-radiographs.

This arrangement is unlike that of Gogonasus,
which is representative of the Osteolepididae in

having a large number of denticles along the

entire length of the coronoid crest, forming a

continuous band with the denticles on the

parasymphysial plate (cf. Figs 46C; 49C,F, with

Figs. 52B,C).

In almost all instances the tusks and pits are

paired, suggesting that as one is shed the adjacent

pit gives rise to a new tusk. One distinctive spec-

imen, QMF21087 (Fig. 50E), does not conform
with this pattern. It has a tusk with two pits mesial

to it on the dentary in front of the parasymphysial

plate, two tusks with an intervening pit on
coronoid 1 , and a tusk on each of coronoids 2 and

3 separated by three pits, the middle one of which
lacks radial ridges in its floor. Other variants

usually involve paired tusks separated by a

crowded pit on a single coronoid or on the front

of the dentary. Around the bases of the tusks and

the adjacent pits there is a raised ridge of bone,

which in places shows a crenellated crest on the

lingual side of the first and second coronoids (Fig.

46B,C).

Lying at the anterior end of the coronoid series

is a transverse median plate with its lateral ends

turned back above the pit for the vomerine tooth

(Figs 46B,C; 47B; 50D,E; 57A-E). Werefer to

this as the parasymphysial dental plate, following

Jarvik (1980). In some specimens the median
edges of the left and right plates are seen to be
finished, showing that they were not fused. This

is an important point because the fact that the two
rami always fell apart priorto burial, suggests that

the symphysis was weak. That being so, the rami

may have moved independently during mastica-

tion, a point supported by the strong double gle-

noid fossae (see Functional Interpretations

below). The shape of the parasymphysial plate

varies from specimen to specimen, but is always
wide. In all except one small individual, its den-

ticulated surface bends
posterolateral^ and
meets the coronoid 1

above the anterior man-
dibular fossa. The ventral

edge of the plate lies on
Meckelian bone, and its

anterior side abuts the

dentary. In most speci-

mens the plate also ex-

tends ventrally to the

oblique flange mentioned

below, and in

QMF21088, takes part in

the formation of the dor-

sal part of that flange. The mass of vesicular bone
that forms the main part of the symphysis (Figs

46B,D; 47 A; 50D,E; 51A,B) and provides sup-

port for the central part of the plate, is composed
of Meckelian bone that was probably completed

by cartilage. In this Cladarosymblema is unlike

the illustration and discussion of Megalichthys

hibberti given by Watson (1926) and Borgen
(MS), in which the prearticular is said to take part

in the symphysis. The buccal surface of the

parasymphysial plate is covered with small den-

ticles; in some specimens it is bounded along the

posterior edge by a row of significantly larger

denticles.

Ventral to the parasymphysial plate, a sharp

flange-like ridge curves obliquely downwards
from the symphysis to the ventral edge of the

anterior mandibular fossa (Figs 46B; 47 A;
50D,E; 51; 58). Dorsally this ridge is formed of

parasymphysial plate, but ventrally it is clearly

Meckelian bone. On some specimens, this ridge

has along its crest a number of flattened projec-

tions that are directed inwards and slightly down-
wards. A similar but much less prominent ridge

occurs in Gogonasus (Fig. 52B,D,E). Ventral to

the ridge is a relatively smooth surface of Meckel-

ian bone that is overlapped to a variable extent by
the infradentary ventral to it. This surface would
have been a natural site for the attachment of large

coracomandibularis muscles. Dorsolateral to the

ridge the surface was possibly for the attachment

of the genioglossus muscles (Jarvik, 1980: vol.2,

fig. 117).

Immediately ventral to the surface for the

coracomandibularis muscle attachment, the inner

surface of the splenial is broad and roughened as

though for the attachment of other muscles. This

surface, which is well shown on Fig. 46B, extends

posteriorly beyond the posterior edge of the ante-

rior fossa. It was most probably for the attach-
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FIG. 49. Cladarosymblema narrienense. A-C, lateral, mesial and dorsal views of right mandible, QMF211 01 . A,
showing row of pores for the mandibular lateral line canal and cosmine resorption towards the anterior. B,

showing the anterior end of the prearticular, upturned edges of the external dermal bones immediately ventral

to it, and the deep furrow anterior to the postglenoid process leading into a sharply defined furrow for the ramus
mandibularis intemus VII (arrow). C, showing the large postglenoid process, the pair of foramina in the lateral

wall of the adductor fossa, and the regular tusk and replacement pit pairs. D-F, lateral, ventral and dorsal views

of a left mandible, QMF21090, with its anterior end eroded away. D, showing unusually strong pit-lines and

lateral line pores, and some unusual cosmine blisters anteriorly. E, showing the submandibular furrow; arrows

indicate foramina in submandibular furrow. F, showing two foramina in the lateral wall of the adductor fossa,

and an anomalous arrangement of tusks and replacement pits. Scale: 10mm.
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ment of the anterior intermandibularis muscles.

A similar, but much larger surface, is present in

Gogonasus (Fig. 52B).

Grooves and Foramina. Weare aware of no
osteolepiform mandibles showing this degree of

detail having been described. Gross (1941) de-

scribed details of the grooves and foramina in

some incomplete Panderichthys and several

porolepiforms, but he was cautious about their

interpretation. Jarvik's interpretation of the fo-

ramina in the mandible of Eusthenopteron is

partly based on his views of the evolution of the

tetrapod ear (Jarvik, 1980: Vol.2, figs 97-100),

some aspects of which wedo not find convincing.

Hence we have had to fall back on data from

extant sarcopterygians, such as Neoceratodus
and Latimeria, and the basic knowledge of the

nerves and vessels that occur in the mandibles of

all primitive osteichthyans, for our interpreta-

tions. These are: the mandibularis V3 and its

branches such as the intermandibularis, which are

motor nerves to the various muscles of the throat

and the sensory structures of the symphysial re-

gion; the mandibularis externus and internus VII,

which are sensory nerves to the internal and ex-

ternal surfaces of the mandible; the lateral line

nerve to the mandibular lateral line; the efferent

epibranchial artery; the hyoid artery; and the

mandibular vein. The positions of these structures

are comparable throughout all the groups of prim-

itive fishes, and this gives us some confidence in

the identification of grooves and foramina. How-
ever, we acknowledge the possibility of contrary

evidence. In the following description, we deal

first with those features that are uniform in their

distribution in available specimens and can be

confidently interpreted, and then move to more
variable and obscure features.

On all specimens, the lateral line canal enters

the mandible just behind the articulation and be-

tween the postglenoid process and the posterior

tip of the surangular. The foramen is obvious, and
the canal from it runs anteroventrally as is shown
by the lateral line pores and the X-radiographs

(Fig.54A,B).

A groove of variable depth occurs between the

articular and the dorsal edge of the surangular,

and on most specimens runs into a small foramen

(or a group of small foramina) between these two
bones a few millimetres further forwards (Figs

46C; 47). This opens into a tube that issues

through a distinct foramen between the articular

and the surangular in the posterolateral wall of the

adductor chamber. As is shown on QMF31861,
this tube is quite expansive and has one or two
small offshoots which seem to end blindly (Figs

55D; 56B), but are more probably connected to

very small foramina on the posterior surface of

the mandible between the articular and the sur-

angular. The identity of the nerve occupying this

canal and groove can be determined from its

position and orientation. Although it enters the

mandible anterior to the glenoid fossa, and is

therefore in a position appropriate for

mandibularis V3, it is clear that the nerve im-

pinged on the mandible from a posterodorsal

direction, and therefore it is likely to be a branch

of the facialis nerve VII. In that position, the only

such branch would be from mandibularis ex-

ternus VII. Gross (1941) observed a tube in this

position in sections of Glyptolepis baltica and

Panderichthys rhombolepis, and labelled it as the

canalis articularis, although he did not assign a

function to it He also believed that this tube

opened in a posteroventral position, as does the

one dealt with in the next paragraph. Conse-

quently his canalis articularis may have been

connected to both dorsal and ventral foramina.

Another groove of variable depth extends along

the ventral contact between the articular and the

surangular into the submandibular groove. A
short distance from the posterior end of the artic-

ular a branch enters a foramen that connects with

a tube that lies between the surangular and the

articular, and connects with a large foramen in the

posterolateral wall of the adductor chamber. This

canal, which is well displayed in Figs 55D, 56B
& 57G, has several anteroventrally directed

branches that open through foramina low on the

posterior wall of the adductor chamber, in addi-

HG. 50. Cladarosymblema narrienense. A-C, lateral, mesial and ventral views of small left mandible, QMF21102. A,

showing unusual shanp flexure in row of lateral line pores. B, showing face of prearticular and distribution of denticles

on its surface, some of which have been removed during preservation, leaving pits. C, showing posterior foramen and
incomplete edge of the anterior foramen in the submandibular furrow (external arrows), the furrow anterior to the

postglenoid process, and the foramen for the mandibularis internus VII (internal arrow). D, mesial view of the anterior

half of a left mandible, QMF31864, showing shape of anterior end of the prearticular, distribution of denticles on its

surface, shape and denticulation of the parasymphysial plate, and anterior and inter-coronoid fossae for reception of

tusks from the upper jaw. E, mesial view of QMF21087. Note the same features as in D, and the two tusks with an

intervening replacement pit on the anterior coronoid. Scale: 10mm.
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FIG. 51 . A, B, labelled key to Fig. 50D,E.

tion to the main branch, which opens higher on
the internal face of the surangular. The subsidiary

branches vary in number between specimens. The
fact that this system lies lateral to the ossified

Meckel* s cartilage shows that it cannot have car-

ried a vessel, and so it must have been a nerve.

This nerve must have passed behind the jaw
articulation from a posterodorsal direction, and

the only nerve to enter the mandible from that

direction is the facialis nerve VII. It is therefore

most probably the ventral branch of the ramus
mandibularis externus VII.

A constricting groove passes around the

posteromesial surface of the postglenoid process

of the articular on to its ventral surface. Although
the connection is not completely clear on most
specimens, one small individual, QMF21102,
shows definitely that at least part of whatever

occupied this groove passed anteriorly into a

smaller groove that enters a foramen within the

articular (Figs 49B; 50C; arrows). From this fo-

ramen, a tube runs anteriorly

within the bone and opens into the

posteromesial wall of the adductor

chamber. Thence a groove runs

forward along the inner wall of the

prearticular; although its course is

difficult to illustrate, it can be
traced at breaks in the bone and on

the internal surface of dissected

specimens. Occasionally a branch

of this groove opens through a fo-

ramen between the prearticular and

the coronoid. These foramina and
grooves are appropriately placed to

transmit fibres of the mandibularis

internus VII (chorda tympani). In

Amia (Jarvik, 1980: 71) that nerve

serves the mucous membranes on
the buccal surface of the mandible.

In addition, numerous small fo-

ramina on the inner surface of the

jaw high on the prearticular and
along the junction with the

coronoids, probably carried fibres

of the mandibularis internus VII.

Jarvik (1980: vol. 2, fig. 97)
showed a foramen on the external surface of

Eusthenopteron in the same position as the one

we are considering. However, he believed that it

connected via a tube in the articular with a fora-

men on the lateral side of the adductor fossa, and

that it transmitted a branch of the au-

riculotemporalis V nerve from the anterior to the

posterior. No such tube exists in Clada-

rosymblema; nor can we find a foramen in the

position he indicated for the chorda tympani

(mandibularis internus). Gross (1941) noted a

foramen entering a tube at the same position as in

Cladarosymblema in Glyptolepis baltica, and re-

ferred to it as the canalis praearticularis. He
claimed that it carried a blood vessel, a view with

which we have to disagree.

The main constriction around the posterior end

of the postglenoid process, referred to in the last

paragraph, is much too large to have carried the

ramus mandibularis internus VII only, and it is

FIG. 52. Gogonasus andrewsae Long. All figures of right mandible, ANU49259. A, lateral view. Note increase

in height towards anterior and large isolated pores and intervening smaller pores for lateral line canal. B, mesial

view. C, dorsal view. Note strong furrow along outer edges of coronoids, and weaker one along their inner edges;

and the two foramina in the outer wall of the adductor fossa. D, ventromesial view showing abrupt anterior

termination of the prearticular and broad submandibular groove with multiple foramina. E, enlargement of

symphysial region in mesial view. Note continuous band of denticles on the parasymphysial and coronoid plates,

the very broad band of external dermal bone exposed on the inner ventral surface for attachment of anterior

intermandibularis muscles, and shape of symphysial junction. Scale: 10mm.
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likely to have been occupied

by a major vessel. In such a

position this would have
been the hyoid or the effer-

ent epibranchial arteries or

both. They would have been

distributed in the soft tissues

along the inner face of the

mandible, including the var-

ious sub-branchial muscles.

In the submandibular fur-

row between the in-

fradentaries and the
Meckelian bone, there is

one large foramen and, in

some specimens, one or two
smaller foramina lying in

the deep embayment below
the postsplenial or the angu-

lar. The large one passes up
through the bone (Figs

46D,E; 47A; 55B) and joins

a groove that runs from a

posterodorsal direction past

the foramen and thence
along the floor of the

Meckelian cavity (referred

to by Gross,1941, as the ca-

nalis primordalis) inside the

submandibular furrow. As
indicated below, we con-

sider that this foramen trans-

mittcd the ramus
intermandibularis V from

FIG. 53. Ectosieorhachis nitidus Cope. A, B, dorsal and mesial views of right ramus,

MCZ8827. Note strongly denticulated parasymphysial plate and denticulated

anterior end on the prearticular. The weakly represented radiation centre on the

inner surface of B suggests that the surangular is large and its centre of ossification

is posteriorly situated as in Cladarosymblema. (The threads along the dorsal and

ventral inner surface have been cemented in place to strengthen the specimen.) C,

dorsal view of MCZ8826. Most of the teeth and tusks on the coronoids were

removed during the original preparation, but the strong groove between the dentary

and the coronoids remains. (These specimens were among those used by Thomson,

1964a: fig. 4.) Scale: 10mm.

the Meckelian cavity to the

submandibular furrow. However, it probably also

transmitted a branch of the efferent epibranchial

artery from the exterior to the Meckelian cavity.

This artery passed around the posterior end of the

mandible in the groove as described above.

On the external surface, a groove continues in

the submandibular furrow towards the anterior

end of the mandible (Figs 46D,E; 49E; arrows),

where it divides. The ventral branch runs to the

symphysis and the dorsal one runs up into a

foramen situated either in the splenial or in the

plate of Meckelian bone (Figs 46B; 47A; 50E; 5

1

A,B). This foramen and its connections are de-

scribed in detail in the next paragraph. The im-
plication is that a nerve or a vessel, or both,

supplied the soft tissues in the anterior part of the

Meckelian cavity and the muscles attached in the

region of the symphysis.

QMF31860 shows that within the symphysial
region the foramen joins with a perichondrally-

lined groove that is impressed on the inner face

of the infradentaries, and runs in an anterodorsal

direction towards the symphysis (Figs 57C; 58).

This is just one of several similar grooves in the

Meckelian lining of the external dermal bone.

The others enter the symphysial region from the

Meckelian cavity. The main tubes branch and

interconnect, and at first sight they seem to rep-

resent passages for nerves rather than vessels. For

this reason, we conclude that the anterior as well

as the posterior part of the submandibular furrow

carried nerves as well as arteries. Such nerves

would be extensions of intermandibularis V.

Those in the Meckelian cavity would have been
mandibularis VII. However, an alternative has to

be entertained because we can find no external

openings connecting with these grooves, and they

do not connect with the lateral line canal. Wecan

only conclude that whatever they carried ramifed

into the bone spaces, suggesting that they carried

nutrients rather than nerves. Until sufficient ma-
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FIG. 54. Cladarosymblemanarrienense. A,C, exterior and interior views of posterior part of external dermal bones
of an incomplete mandible, QMF21100. B, X-radiograph of same. Note position of lateral line canal, ossification

centres of angular and surangular, and horizontal pit-line. In particular, note the anterior and posterior divergence
between the boundary between the dentary and infradentaries (horizontal arrows) and the horizontal pit-line

(vertical arrows). Scale: 10mm.
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FIG. 55. Cladarosymblema narrienense. A, exterior view,

external bones of partof mandible, QMF31 867, showing
lateral line pores, horizontal pit-line, and en echelon

furrows (white arrows) marking approximate position of

suture between angular and surangular. B, Interior view

of same with the radiation centre of angular and super-

imposed foramen in submandibular furrow. Arrow
marks position of foramen for intermandibularis V and
possibly efferent epibranchial artery. C, X-radiograph of

same in orientation of A; interpreted in Fig. 56A. Arrows
indicate horizontal pit-line. D, internal view, posterior

part of external dermal bones, QMF31861, showing

various canals discussed in the text, and interpreted in

Fig. 56B. Scale: 10mm.

terial becomes available to permit sectioning,

their function will remain unknown. Gross (1941)

also observed foramina and tubes entering the

anterior part of the submandibular furrow in sev-

eral of the genera he discussed, and referred to

them as 'Kanale im Medialrand des Ment-
omandibulare'.

Within the adductor chamber of QMF21101
and 21090, immediately dorsal to the previously

mentioned main foramina for the mandibularis

externus VH(Fig. 49C,F) are one or two foramina

that are vertically directed. In other specimens no
such foramina exist, but a shallow groove runs

steeply down in front of the mandibularis ex-

ternus foramen; this is continued anteroventrally

as a pronounced groove along the junction be-

tween the articular and the infradentaries, and

then directly anteriorly. In the floor of the forward

extension there are four or five foramina, some of

which may penetrate the bone to exit in the sub-

mandibular furrow, as has been discussed above.

Some of them do not penetrate the bone and

presumably serve the sensory structures in the

bone. This system was probably for the

mandibularis V, which entered the mandible
through the posterior part of the adductor fossa.

The foramina in the submandibular furrow are

appropriately placed to have carried nerves to a

sheet of muscle such as would be expected if they

innervated the intermandibularis muscles. The
main branch of this groove opens at a foramen in

the submandibular furrow just below the ossifi-

cation centre of the angular, and we consider that

it carried the main branch of the ramus inter-

mandibularis V. This interpretation would be

consistent with the inferred position of the inter-

mandibularis muscles served by this nerve. An
entirely similar arrangement is present in

Gogonasus, in which two other small foramina

can be seen passing through the bone to enter the

internal groove a short distance behind the main
one.

The mandibular vein has not been discussed.

Wesurmise that it joined the lateral venous sinus

via the adductor fossa, and thence joined the

orbital venous sinus, leaving no trace on the bone.

The adductor fossa is long and wide, its propor-

tions changing slightly with age. The
width/length ratio is 0.38 in the smallest speci-

men, and 0.46 in the largest.

Comparison with the Mandible of Ectosteo-

rhachis. We have examined MCZ8826-8827
which, with MCZ8641, formed the basis of the

description by Thomson (1964a: fig. 4). The
specimens are figured herein as Fig. 53A-C.
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denticles along the outer rim of the

coronoids (Fig. 53C). Large denticles

are also present on the preserved ante-

rior part of the prearticular in

MCZ8827, although MCZ8826,
which has the prearticular preserved,

has had the large denticles stripped

from all but a few patches during the

original preparation.

The structure labelled 'crista

dentalis' by Thomson (1964a), and
said to be (p. 291) \ . . an enlargement

of the anterior rim of the anterior den-

tary fossa', and (p. 302) 'a denticulate

ledge' of the dentary, is really the

parasymphysial plate (Fig. 53A,B); it

is clearly a separate bone, the suture

with the Meckelian bone behind and
with the dentary in front, both being

evident. The denticles on its surface

are comparable in size with those on

the prearticular, being much larger

than those in equivalent positions in C.

narnenense.

The glenoid fossa is transverse and
FIG. 56. Cladarosymblema narrienense. A, key to Fig 55C. B, key double, unlike the representation given

to Fig. 55D.

Firstly, we note that MCZ8827 is extensively

crushed, and MCZ8826 is otherwise damaged,
making it difficult to recognise the sutures shown
on Thomson's diagrams, particularly those be-

tween the infradentaries. In our view there is no
evidence that the splenial terminates behind the

symphysis, as shown by Thomson (1964a: fig.

4A); in that region the arrangement of the dermal

bones is no different from that of other os-

teolepiforms. The suture along the ventral edge
of the dentary is strong and shows finished edges

to a wide groove along parts of its length; it

cannot be traced as far forwards as Thomson
shows, but posterodorsally it leaves a broad band,

as in his fig. 4A. This band is proportionately

much larger than in any specimen of C. nar-

rienense.

The posterodorsal edge of the mandible is nat-

urally truncated, and exposes a large segment of

articular bone in lateral view. This implies that

the subopercular 1 overlapped the mandible to a

greater extent than in C. narrienense, and that the

submandibulars did not reach as far posteriorly as

in that species.

Wesee no evidence to support the existence of

three pairs of coronoid tusks in Ectosteorhachis.

There is a strong gutter between the coronoids

and the dentary, and more than one row of large

in Thomson's figures 4B&C. Al-

though the preparation is not good
enough to be certain of the point, it seems that the

fossa is of the standard osteolepiform type. On
MCZ8826 there is a definite postglenoid process

that has been partly destroyed during the original

preparation. Its lateral periosteal surface is clearly

cut through, and the vesicular bone structure is

still clearly visible on the other surfaces. On
MCZ8827, part of the dorsal surface of the pro-

cess is still present. Although examination of

Thomson's illustrations may suggest that the re-

duction of this process may be useful in differen-

tiating Ectosteorhachis from Megalichthys,

examination of the specimens shows that this is

not possible.

The adductor fossa is wide in comparison with

that of C. narrienense; its proportions on
MCZ8826 are original, and not the result of dis-

tortion.

Although its preparation does not permit the

accurate identification of most foramina,

MCZ8826 does show one feature very clearly.

Lateral to and just in front of the glenoid fossa is

a group of ten tubules filled with iron oxides.

These tubules run ventrally from openings in the

blade of the surangular, converging as they go. At
first they join into twos or threes, and presumably
in a more ventral position they coalesce com-
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pletely, although that position is not exposed. In

Gogonasus and Cladarosymblema, only one to

three foramina instead of ten occur in this posi-

tion. As indicated above, we have concluded that

the foramina transmitted the mandibularis ex-

ternus VII nerve.

Apart from the denticulated ridge on the lateral

margins of the coronoids, and the possibility of

the presence of only two coronoids, we see no
evidence from the mandible to permit the separa-

tion of Ectosteorhachis from Megalichthys, al-

though we note that many details of the former

genus remain obscure. Wenote also that the new
genus described from Norway by Borgen (MS),

is comparable with Ectosteorhachis in its dentic-

ulated marginal coronoid ridges, and possibly in

having only two tusk-bearing coronoids. Separa-

tion of Ectosteorhachis from Cladarosymblema
can be made on the basis of the wide adductor

fossa, the gutter between the dentary and the

denticulated coronoid ridge, the size of the

parasymphysial plate, and the size and abundance
of the denticles on that plate and the prearticular.

Wenote, however, that all these distinctions rest

on an inadequate sample of Ectosteorhachis.

Pectoral Girdle

The pectoral girdle is known from one com-
plete supracleithrum (Fig. 59A,B), two broken
anocleithra (Fig. 59C,D), three broken cleithra

(Fig. 60A,B,E), one isolated almost complete

clavicle (Fig. 60F), an almost complete cleithrum

and clavicle from one individual (Fig. 61A-C),

the incomplete clavicles of the holotype, and two
partly crushed scapulocoracoids still attached to

the isolated cleithra (Figs. 60B; 61A). Because
other genera are represented in the etchings, it is

necessary to establish that these specimens be-

long to Cladarosymblema. Wehave concluded

that they are properly assigned for the following

reasons. The exposed part of the clavicles of the

holotype, though poorly preserved, are largely

covered with a network of raised ridges rather

than cosmine. The same is true of what we regard

as fragments of the cleithra of the holotype. In

addition, one of the isolated fragmentary cleithra

has cosmine on its posteroventral corner, and

another has patches of cosmine near the broken

dorsal extremity of the bone. These isolated

bones have a pattern of ridges on the external

surface. The external surface of the anocleithrum

and supracleithrum also have the distinctive pat-

tern of ridges, and patches of cosmine in similar

relationships. As Jarvik (1948) has pointed out,

the cosmine-bearing Osteolepis itself has vari-

ably ridged surfaces on parts of the pectoral girdle

along with cosmine. Its ornament differs from

Cladarosymblema in the relative extent of the

two types of surface.

Supracleithrum. This is represented by a single

complete bone (QMF31859) from the right side

(Fig. 59A,B). Its exposed surface has a tracery of

fine ridges, similar to those on the posterodorsal

part of the anocleithrum, and a small patch of

cosmine at the posterior extremity. Two types of

overlapped surface are recognizable; a large well-

defined surface through which the lateral line

passes, and which is traversed by branching radial

grooves and some pits; and a much narrower strip

along the anteroventral edge differentiated from

the exposed surface by a distinct change in slope.

The former was overlapped by the postemporal

and the latter by the opercular.

Anocleithrum. This bone is represented by two
fragments (QMF26555, 31862), one from each

side of the animal (Fig. 59C,D). The right one was
partly destroyed during photography, but the left

one was incomplete when found; both are robust.

The exposed part has a tracery of ridges over the

posterodorsal surface, decreasing in size

posterodorsally, and a patch of cosmine posteri-

orly. The ridges carry a row of small pustules. The
overlapped surfaces are extensive, and the ante-

rior process is twice the size of that of Osteolepis

(Jarvik, 1948: fig. 25). The process of the left

bone (QMF3 1 862) is complete; its anterior end is

rugose and carries a vascular groove on its ventral

edge. On its outer face is a sharp crest that marks

the edge of the cleithral overlap, and so the tip

probably represents the attachment of a ligament.

The area overlapped by the cleithrum indicates

FIG. 57. Cladarosymblema narrienensis. A,B, symphysial parts of the left rami of two mandibles, QMF31869 and

3 1 860, showing the tusks and replacement pits, the parasymphysial plates, and the variable arrangement of the marginal

teeth in relation to the edge of the jaw anterior to the tusks. C, enlargement of B viewed from a posterolateral direction;

for interpretation, see Fig. 58. D-E, symphysial parts of right rami of two mandibles, QMF31865, 31868, showing
similar features to A-C, but with two anterior tusks in D, and two tusks in the anterior coronoid as well as the abbreviated

area of denticles on the parasymphysial plate of E. F,G, posterior end of a right ramus, QMF31887, in dorsal and
ventral views. F, showing double glenoid fossa and the rounded postglenoid process. G, has been eroded to expose

the tube for the ramus mandibularis extemus N VII. Scale: 10mm.



CARBONIFEROUSOSTEOLEPIFORM 181



182 MEMOIRSOFTHEQUEENSLANDMUSEUM

dentary

& mandibulars N VII

lateral line canal

intetmandibularis N V - wjfF. Ji

'^>

rasymphysial

plate

—Meckelian
bone

infradentary

FIG. 58. Cladarosymblema narrienense. Reconstruc-

tion of the specimen shown in Fig. 57C to show the

tubes servicing the symphysial region.

that the dorsal edge of that bone is truncated, but

with its ends rounded off.

Schultze (1987: 69), commenting on the work
of Rosen et al. (1981), indicated that 'the charac-

ter "anocleithrum without surface ornamenta-

tion" cannot be evaluated because the condition

of the anocleithrum is not known in

plesiomorphic dipnoans, or rhipidistians'. This is

difficult to understand because the anocleithrum

was buried and unornamented in the several

Devonian dipnoans in which the bone is known;
and Jarvik (1980) has figured a highly or-

namented anocleithrum in Eusthenopteron.

Jarvik (1985) and Long (1985b) have listed an

ornamented anocleithrum as a distinctive feature

of osteolepiforms. The presence of ridged orna-

ment and cosmine on the anocleithrum of

Cladarosymblema puts the matter beyond doubt.

Cleithrum. This bone (QMF26548, 26554,
26563, 26564, 26572 and 31875; Figs 60A-E;

61A-C) is robust and survived the preservation

processes well. It is thin around the dorsal and

posterior edges, but thickens considerably to-

wards the anterior and ventral edges. In posterior

profile, the upper part of the bone is almost pla-

nar, but the lower planar part is inflected at an

angle of c.l30°, and twisted slightly with the

posterior edge deflected inwards (Fig. 61B). Al-

though no dorsal margin is preserved, its outline

can be established from the area of overlap on the

anocleithrum, where it appears to have been trun-

cated to gently concave. Although no complete

specimen is available, it is clear that the posterior

edge is deeply embayed just dorsal to the region

of the bend between the two parts of the bone. In

lateral view, the ventral part tapers to an acute

termination. The branchial lamina is small, hav-

ing maximumdimensions at the bend in the bone

and tapering away dorsally. Ventrally it tapers

abruptly, providing the articulation for the long

dorsal process on the clavicle (Fig. 61B). Be-

tween this abrupt taper and the ventral tip of the

bone, there is a narrow flange with a groove on

its inner face into which the anterodorsal edge of

the clavicle was loosely articulated.

According to Thomson & Rackoff (1974), the

cleithrum of Ectosteorhachis nitidus consists of

two separate bones. Wecan find no evidence of

such a construction in C. narrienense, either from

external or X-ray examination. In this respect C.

narrienense resembles Megalichthys hibberti.

Over most of the external surface the sculpture

consists of raised ridges making a strong tracery

pattern. Distinct dorsal and ventral parts are ob-

vious (Figs 60A; 61C). The dorsal part has one or

two long straight ridges parallel with the anterior

edge, posterior to which the ridges retain their

height but become shorter and less regular, and

carry tubercles along their crests (Fig. 60C,D);

near the posterior edge, they become weaker and

form a finer reticulate pattern. On the ventral part

of the bone a similar arrangement occurs, except

that the ridges become reticulate closer to the

anterior edge. On the posterior angle of the bone
and on the posterodorsal extremity, the ridges

give place to small but distinct areas of cosmine

(Figs60A,E;61C).

Clavicle. This bone (QMF26548, 26572) is

only about half the size of the cleithrum. In its

orientation it is twisted so that its main plane lies

at about 40° to the plane of the upper part of the

cleithrum (Figs 61B; 62C). It is thickest dorsally

and thins out gradually towards the antero- and

posteroventral edges. Its ventral edge is broadly

rounded. A thick dorsal process extends up the

inner edge of the branchial lamina of the

cleithrum, from which it separates slightly to-

wards its dorsal extremity. Ventrally, the bran-

chial lamina tapers away about halfway down the

bone. On its inner posterior surface is a pro-

nounced furrow into which the edge of the ventral

extension of the cleithrum fits.

The external surface of the clavicle is covered

with ridges of similar type to those of the

cleithrum, but the pattern is different (Figs 60F;

61C). Long ridges border the anterodorsal edge

but immediately behind, they are replaced by a

reticulum. Anteroventrally the ridges are even

lower and the reticulum finer, but posteroventr-

ally a strip of unornamented bone is replaced by
a patch of cosmine.
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Glyptolepis groenlandica,
which is a porolepiform, the

scapulocoracoid is a small im-

perforated plate. Should this

prove to be normal for that

group, it would provide an ex-

cellent character for distin-

guishing it from the

osteolepiforms.

The most posterior attach-

ment (ar
!

Sc. cor. of Andrews
& Westoll, 1970a: text-fig. 4),

which lies in the posterior

angle of the bone, is the small-

est of the three, and is almost

equidimensional (Figs 62; 63).

Anteroventral to it is a much
larger and more elongate at-

tachment (ar^Sc. cor. of An-
drews & Westoll), which
tapers to an acute dorsal termi-

nus. This attachment is for the

infraglenoid buttress. The two
are separated by a broad
smooth surface which con-

FIG. 59. Cladarosymblema narrienense. A,B, complete right supracleithrum, tained the subscapular fossa.
QMF31859, lateral and mesial views. Surface for the supratemporal overlap to The anteriormost attachment
the bottom left of the photograph in A. Arrows mark the entrance and exit points wn; c h is for the suDraelenoid
of the lateral line canal. CJD, incomplete anocleithrum, QMF31862, in lateral ,

tt
' h f th 1 t tt

and mesial views. Both dorsal and ventral edges broken. Surface for overlap by
Dultre ?s, is Dy rar me largest, u

r extends dorsally along the an-

terior edge of the cleithrum in-

side the process on the clavicle and upwards on

cleithrum to the bottom left in C. Scale: 10mm

The internal surface of the clavicle at its ventral

edge has a large area showing that it overlapped

another bone (Fig. 61 A), which can only have

been the interclavicle. Wehave not recognised

any such bone in the etchings, probably because

it would be rather nondescript and almost cer-

tainly broken. An interclavicle is recorded in

Eusthenopteron and Osteolepis, but in each the

overlap of the clavicle is small compared with

that of C. narrienense.

Scapulocoracoid. This bone is known only

from its areas of attachment to the cleithrum on

QMF26548, and a crushed incomplete bone at-

tached to QMF26554 (Figs 59A; 60B). It was a

large and lightly ossified structure with three

areas of attachment that are normal for os-

teolepiforms and Palaeozoic dipnoans (Andrews
& Westoll, 1970a,b; Janvier, 1980). The attach-

ments in Cladarosymblema are unusual, how-
ever, in their size and disposition. Anteriorly the

scapulocoracoid is flattened on its mesial face

and it apparently increases in depth rapidly as it

approaches the fin attachment, which is not pre-

served. According to Jarvik (1980: 269) in

the inside of the branchial lamina; there it turns

abruptly posteriorly towards the posteriormost

scar (arSc. cor. of Andrews & Westoll) to which

it is joined by a low bridge of bone. This latter

forms the floor of the supraglenoid foramen. The
buttresses are so placed that the subscapular fossa

is directed more anteroventrally and the

scapulocoracoid foramen is directed more
posteroventrally than the corresponding features

in Eusthenopteron and in the unidentified speci-

men described by Janvier (1980).

The size of the scapulocoracoid and its attach-

ment areas is greater than those of most other

osteolepiforms. In this respect the species is sim-

ilar to M. hibberti (see Andrews & Westoll,

1970b: text-fig. 2) and E. nitidus (see Thomson
& Rackoff, 1974: pi. 2, fig. 1). As in these species

also, the anteromesial face of the scapulocoracoid

lies at a low angle to the blade of the cleithrum.

The overall size of the bone correlates with the

large basal part of the fin, which indicates the

presence of unusually powerful musculature; the

different orientations of the various fossae de-
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FIG. 60. Cladarosymblema narrienense. A,B, lateral and mesial views of an incomplete right cleithrum,

QMF26554. B, showing large scapulocoracoid (see Fig. 63 for interpretation). C,D, part of incompletecleithrum,

QMF26563, showing the details of the ornamented surface. E, fragment ofaleftcleithrum,QMF31875, showing

details of the surface ornament. Posterior extremity to top right of photograph. F, almost complete left clavicle,

QMF26572. Dorsal edge to top of photograph. Scales: A-C, E-F, 10mm; D, 1mm.

scribed above, indicate that the fin muscles were

differently oriented.

Pectoral Fins

The pectoral fins are known only from the

holotype in which the fin on each side has been

prepared to expose as much as possible of its

surface. In comparison with most (but not all)

other osteolepiforms they are large, the distance

from the base to the tip being c.lOcm in a fish

whose head exclusive of the operculars is about

the same length. The proximal 6.25cm is covered
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FIG. 61. Cladarosymblema narrienense. A-C, left pectoral girdle, QMF26548, A, mesial, B, anterior, and C,

lateral views. (See Fig. 62 for interpretation.) Scale: 10mm.

with rhombic scales similar to those on the body
(Fig. 64). They show a gradual decrease in size

and become more elliptical in outline distally, the

most distal scales being about one half as long as

the proximal ones. The scales also change in

shape towards the anterior edge of the fin, becom-
ing similar to those at the distal tip about halfway
along the basal lobe (Andrews, 1973), whereas on

the posterior side in equivalent positions, they are

of the same size as the scales in the middle of the

lobe. As noted above, one of the features of the

Osteolepiformes is said to be the presence of

enlarged scutes on the edges of the basal lobes

(Andrews, 1973), but we have not been able to

recognise such on our specimen. This is probably

an artefact of preservation. The ventral surface of

the left fin has 60+ large scales.

Distally the scale size and shape abruptly

change as the basal lobe passes into the ray scales.

These ray scales are square or rectangular in

outline (Fig. 64C). At mid-fin, the proximal ray

scales are square and average 0.75mm in length.
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articulation 3 of
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FIG. 62. Cladarosymblema narrienense. Outline restoration of the shoulder girdle based on the specimens shown
in Figs 59-61. A, mesial, B, lateral and C, anterior views.

They increase slightly in size to a point about

0.6-0.7cm from the end of the basal lobe, where

they abruptly divide into two rays. Further divi-

sion takes place distally. Still further distally the

scales become narrower and more elongate, rang-

ing in length from 0.5-0.75mm and in width from
0.4-0.8mm. On the anterior of the left fin, the

proximal fin ray scales are more elongate, mea-
suring as much as 2.5 x 1.0mm. At mid-length of

the dermal rays, the left fin has 120+ rays on its

ventral surface.

An important feature of the ray scales is that

they are all laterally contiguous; there is no evi-

dence that they were able to separate to form an

expanding surface with intervening membranes
occupying a significant part of the fin surface.

Another line of evidence suggests that expansion

of the rays was not possible. The fins of Latimeria

and such fossil sarcopterygians as Eusthenopte-

ron have a limited number of long rays extending

from only a small part of the basal lobe. In Eu-

sthenopteron, about 80-100 long rays extend

mainly from the distal part of the fin lobe, where

they could separate unimpeded by the shorter

rays originating from the anterior and posterior

edges of the lobe. Hence, if each ray was sepa-

rated by only 1° from its neighbour, the fin fan

could be expanded by up to 80-100°. In

Cladarosymblema the rays are distributed much
more evenly around the fin lobe, and there is no
abrupt break in their length on either the anterior

or the posterior edge. As a result, there is little

space for an expansion of even 1° to take place

between adjacent rays.

The basal lobe is clearly defined along its pos-

terior edge where quite large scales give way
abruptly to the fine dermal ray scales (Fig. 64C),

but on the anterior edge the junction between the

two types of scales is much less abrupt, some
evidence of interdigitation being observed on the

left fin. Unfortunately the anterior edge of neither

fin is completely preserved.

An attempt has been made to excavate the axial

skeleton of the left fin, but without success. The
preservation of the whole structure is such that it
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FIG. 63. Cladarosymblema narrienense. Restoration of the scapulocoracoid based on the specimens in Figs 60B
and 61 A. The restoration lacks control on the shape and size of the posterior part of the scapulocoracoid, and
the size and shape of the glenoid fossa which may be too small judging from the reconstruction of M. hibberti

by Andrews & Westoll, 1970b. All views, except D, with scapulocoracoid still attached to the coracoid. A,
mesial, B, posterior, C, posteromesial and D, internal view of the scapulocoracoid after removal from the

would have been found if it were present. Wecan
only conclude that it was poorly ossified.

Axial Skeleton

Ring centra appear infrequently in the etchings,

no doubt because of their fragility. The best pre-

served one is from the trunk and is 4.2mm long,

16.0mm in diameter, and 1 1 .5mm in notochordal

diameter (Fig. 64D,E). These proportions are ap-

proximately the same as those of a much larger

specimen of Megalichthys hibberti figured by
Andrews & Westoll (1970b: pi. 3, fig. H), al-

though the bone tissue in our material is some-
what thinner. The preservation is adequate, but

removing all the sediment from the surface has

proved impossible. Ventrally there is a slight

flattening marking the position of the dorsal

aorta. Its anterior and posterior faces are approx-

imately parallel up to the points where the neural

arch was articulated; at those points it is obliquely

truncated and the ring is not complete. As indi-

cated by Andrews & Westoll (1970b: 421), al-

though many centra of M. hibberti are complete

annuli, some trunk centra have a gap dorsally , like

the present specimen. Comparison should be
made also with the figures of Ectosteorhachis

nitidus presented by Thomson & Vaughn (1968:

figs 1 & 2).

The outer surface of the ring is largely, or

perhaps completely covered with periosteal bone,

within which an anterior and a posterior groove

can be distinguished laterally. The deeper groove
is on what is considered to be the posterior side,

based on the shape of the facet for the articulation

of the neural arch. These grooves presumably
mark the position of the myoseptum and the inter-

segmental artery. No semblance of a distinction

between intercentrum and pleurocentrum is present.

We also have recovered one or two poorly

preserved neural arches that possibly belong to

this taxon but are not worth figuring or describing.

Scales.
Gross Morphology. Numerous isolated scales

are available for study in addition to those on the

holotype. Although their outlines vary greatly

according to their position on the body, the ex-

posed cosmine-covered part is almost always

rhombic in outline, with the long axis of the

rhombs oriented approximately along the length

of the fish (Figs 5; 6). As would be expected, the

rhombs tend to be symmetrical in scales from the

mid-line and the mid-flanks (Fig. 65B), but asym-
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FIG. 64. Cladarosymblema narrienense. A, B, left and right pectoral fins of holotype (QMF21082) in dorsal

view. Inner margins of fins are obscured by the overlying body of the animal. C, ventral view of left pectoral

fin. (Note that edges of both fins are bordered by reinforcing wires used during preparation). (See Figs 5 and 6

for a more general perspective.) D,E, anterior and left lateral views of an isolated ring centrum, QMF31881.

Scale: 10mm.
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FIG. 65. Cladrosymblema narrienense. Scales from different parts of the body in external and internal views.

Scales are almost complete. A, from left lower flank, QMF31889. B, from mid-flank, QMF31881. C,D, small

scales from mid-line, QMF31891-2. E, lateral line scale from flank, with openings for canal shown, QMF31893.
F, from right dorsolateral flank; posterior edge broken, QMF31 894. G, overlap on left side of photograph turned

down sharply, implying a position adjacent to a sharp change in body conformation, QMF31 895. H,I, flat scales

from anterodorsal oranteroventral body, QMF31 896-7. Note variation in the nature of the ridges and irregularites

on the inner surfaces. Exposed vascular bone in the gutter bordering the cosmine surface is well shown in A, G,
H and I. Scale: 10mm.
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metrical in those dorso- and ventrolateral^ situ-

ated on the body. Symmetrically arched scales,

assumed to be from posterior mid-dorsal posi-

tions, are included in our sample (Fig. 65C.D).

The rhombic part of a flank scale occupies

about two-thirds of the surface area of the scale.

It is separated from the overlapped bony surface

by a strong groove or gutter which exposes coarse

vesicular bone (Figs 65F-I; 66A). The remainder

of the overlapped surface is usually covered with

dense lamellar bone on both inner and outer sur-

faces. This overlapped part is usually in the plane

of the remainder of the scale, but occasional

individuals, which must have come from parts of

the body where the curvature was high, show the

overlap inturned at an angle (Fig. 65G).

The scales never have a peg and socket struc-

ture; they apparently depended entirely on over-

lap and soft tissue to maintain their position on
the body. The inner surface of some scales has a

strong ridge that could be interpreted as the rem-
nant of an original peg and socket ridge. This

ridge is very variable in form and orientation,

ranging from narrow and sharp-keeled to broad

and flattened. Normally, the ridge shows a series

of striatums parallel with its length, these indicat-

ing the addition of successive layers of bone

independently of the layers forming the remain-

der of the internal surface (Fig. 65F,H,I). In addi-

tion its margins are commonly undercut,

suggesting either resorption or the failure of the

collagen-rich isopedin to mineralise (see below)
(Figs 65F; 68C). It should be noted that the ridge

is absent, or only poorly developed, on many
scales.

As well as the ridge, several other features of

the internal surface are noteworthy. Many scales

are not smooth but show a variety of apparent

resorption features, from an extreme in which

almost the entire lamellar layer is missing and the

vesicular layer is exposed, to a condition in which
a number of irregular mounds are scattered over

the surface, to one in which only a few small

depressions separate broader flat surfaces (Fig.

65B). In addition, it is not uncommon to find a

scale in which one or more of the lamellar layers

is only loosely attached to other inner layers. As
indicated above, we take this to mean that

mineralisation of the collagen-rich isopedin lay-

ers was incomplete when the animal died, allow-

facing page
FIG. 66. Cladarosymblema narrienense. A,B. SEMs of two incomplete scales showing resorption and new

cosmine growth. A, shows removal of the enamel layer in a broad band around the resorption ring, exposing the

tops of the enlarged flasks, QMF31902. Near the bottom of the scale (arrow) only part of the enamel has been

removed. B, a similar scale, QMF31903, with a central patch of replacement cosmine (2), and an incomplete

annulus of replacement cosmine which is composed of four incomplete segments, (3-6). Note that at the time of

death, parts of the margins of 3 and 4 were in process of resorption, and all the margins of 5 and 6 were in process

of growth, indicating they may have been part of the same growth phase. C, enlargement of central part of A. In

the centre of the resorption patch is regrown cosmine in process of resorption again. Note that in places its margins

are entire, but at the points marked (arrows) they are irregular. An enlargement of the area (rectangle) is shown
in Fig. 70A. These two scales demonstrate that cosmine replacement is a multiphase phenomenon. D, shows an

enlargement of the bottom left of C in a rotated orientation. Note the resorption edge in the old cosmine is highly

irregular and in places seems to have been progressing without the coalescence of enlarged pores. Note also dark

rings around the pores in both the old and the new cosmine. The specimen was gold-coated, and hence these

rings represent slight depressions in the surface. Weconsider that the depressions are the result of slight post

mortem shrinkage around the flasks after the decay of soft tissues in the flasks. Those in the old cosmine may
be emphasised because the underlying dentine around the walls of the flasks has been resorbed. In all figures, 1

denotes the oldest, and subsequent numbers, successively younger phases of cosmine growth.

overleaf on p. 192
FIG. 67. A-D, Cladarosymblema narrienense. AH SEMs. A,B, central part of a scale, QMF33055, at two

magnifications. In A note the unchanged pores at the top of the photograph, the progressive increase in size

downwards as the enamel becomes thinner, and finally the area of complete resorption around the newly formed
cosmine towards the bottom of the photograph. B, enlargement of part of A to show the finished edge of the

new cosmine and the details of the resorption edges above. C, part of the surface of a large scale, QMF31904,
showing new cosmine occupying almost all available resorbed space. Old cosmine adjacent to the resorbed edge
shows no evidence of enlarged flask chamber openings. Newcosmine stands a little higher than the surrounding

old surface, forming low blisters. Scale: 1mm. D, surface of a scale on which resorption has just begun. Unlike

the previous figure in which no enlargement of the pores has taken place, and Figs 66A,B and 67A,B in which
the walls of the flasks have been resorbed in an irregular fashion, the more deeply resorbed pores in this figure

show regular walls down as far as the mesh canals. Cosmine phases numbered as in Fig. 66.
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FIG. 67
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FIG. 68
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ing separation of the ossified layers to take place

after the collagen decomposed. As Kerr (1955)
has shown for extant dipnoans, and Smith et al.

(1972) have shown for Latimeria, the lamellar

isopedin is composed mainly of collagen fibres,

some of which become mineralised. In Devonian
and Carboniferous dipnoans the mineralisation of

these lamellae has proceeded almost to comple-
tion (Pridmore & Barwick, 1993). This then

raises the question of whether the above-men-
tioned patchy appearance is the result of resorp-

tion or incomplete mineralisation. We have
reached the conclusion that resorption is at least

a partial cause. Thin sections show that the inter-

nal ridge is often bounded by gaps in the lamellae,

but in some sections, the ridge lamellae terminate

sharply against the truncated ends of other lamel-

lae (Fig. 68C: black arrows). This has the appear-

ance of resorption prior to the growth of the ridge.

The lateral line has been observed on isolated

scales (Fig. 65E). It enters the scale anteriorly in

front of the deep groove, and exits it posteriorly

on the inner surface well anterior to the edge of

the scale. Thus the line is completely covered

from the exterior, and opens to the surface only

through a number of large pores. A dorsoven-

trally oriented thin pit-line is visible on some
scales.

The preservation of the holotype does not allow

an exact count of scale rows, but we estimate that

there were c.15 vertical rows on each side of the

trunk between the pectoral fin and the broken end
of the specimen.

Wehave not recognised Westoll lines on any
of the cosmine, but irregular resorption patches

enclosing some regrowth have been observed. An
occasional specimen shows resorption lines sub-

parallel with the edge of the cosmine (Fig.

66A,B); however, most patches do not show any
pattern with respect to either position on the scale

or shape (Fig. 67C). As a result, our material

supports previous studies (Westoll, 1936;
Borgen, 1989, 1992), which have concluded that

resorption is not normally, if ever, related to

marginal growth of the cosmine. Those resorbed

patches that are within the cosmine area are un-

evenly distributed, and the replacement cosmine
was obviously expanding rapidly to fill the va-

cated spaces at the time of death. This new tissue

was sometimes at the same level as the surround-

ing surface, and sometimes slightly raised to form
a low blister.

A common phenomenon in the scales of
Cladarosymblema is the resorption of the super-

ficial layer of enamel in a wide band around a

resorption zone that cuts through the whole cos-

mine layer (Fig. 66A). This is taken to represent

the first stage of cosmine resorption. Subsequent
to the removal of the enamel, but in advance of

the deep resorption edge (Fig. 66A-D), the size of

overleaf on p. 193
FIG. 68. Cladarosymblema narrienense. Thin sections of scales showing internal structures. A, section,

QMF31900, showing the edge of the cosmine with the enamel layer wrapped around the end of the dentine.

Three flask chambers open vertically into the bone vesicles, the osteocyte spaces being conspicuous. The dentine

'trees' are well developed. B, part of vertical section, QMF31899, through the whole thickness of a scale

including the ridge on the inner surface. Note the clearly defined cosmine layer and the cross-canals in the centre

of the photograph (arrows) showing greater regularity than normal. The inner lamellar layer is thickened at the

median ridge which shows some lamellae folded back on themselves, indicating that the ridge was not formed

simply by thickening of the lamellae. C, vertical section, QMF3898, of a scale to show the structure of a ridge

in detail. Note resorption on the right (white arrow), some continuous lamellae between the ridge and the

vesicular bone, the interrupted lamellae immmediately under the vesicular bone (black arrows), and the irregular,

almost chaotic arrangement of the tissue forming the bulk of the ridge. Scale: 1mm.

facing page
FIG. 69. Cladarosymblema narrienense. A,B, two vertical sections through the overlapped parts of two scales.

A, QMF31899, basal lamellar layers are progressively truncated against the vesicular layer, and towards the

right extremity, note the breakdown of the lamellae (arrows) immediately prior to resorption and replacement

by vesicular bone. Irregular patches (a) are gas bubbles in the slide. B, QMF31900, section cuts across edge of

the cosmine and its surrounding gutter, exposing the vesicular layer. Note basal lamellae truncated against the

vesicular layer, but outermost ones continue around the scale margin on to the outer surface. C, QMF31901,
horizontal section through the dentine layer of the cosmine of a scale, cut near the level of the top of the pulp

canals, QMF31 90 1 . Large black openings are flask chambers and radial arrays of the dentine tubules are obvious.

Note that the tubules are bent so mat they are approximately radially arranged around the flasks as well as the

pulp canals. Contrast this with the organisation in the unidentified osteolepidid scale figured by Gross (1956:

pi. 10, fig. 3). Scale: 0.1mm.
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the flask-chamber pores is enlarged in a sytematic

fashion, indicating that scleroclasts occurred

within the flask chambers, as Borgen (1989,

1992) has argued. However, in our material the

resorbing edge is not formed from coalescing

enlarged flasks, but rather from the junction be-

tween an advancing front of resorption and the

resorbing margins of the flasks. This evidence

indicates that scleroclasts were present in the

bone and that some of them migrated into the

flasks in advance of the resorbing front. This view

is confirmed by examination of Figs 66D & 70A,
in which a zone of resorption is bordered on one
side by an advancing edge, and on the other by a

ragged edge of resorbed cosmine. The latter

shows no sign of enlarged cosmine pores, indicat-

ing that resorption took place by an advancing

front alone. In addition, Fig. 67C shows a scale

in which there is no evidence of enlarged flask

openings in advance of the resorbing front. We
conclude from this that the function of the flask

chambers could not have been only to house the

cells involved in cosmine removal, although such

cells did function from the flasks in at least some
specimens during resorption phases. As Borgen
has pointed out, the soft tissues on the surface of

the scale could have been supplied with nutrients

only via the flasks, and presumably this must
have been a second function. The degree of or-

ganisation of the flasks and the cross canals,

however, is far in excess of what would be nec-

essary to serve these two functions.

Scale Histology. Sections of the scales are

shown in Figs. 68-74. The enamel layer (or en-

ameloid according to Meinke &Thomson, 1983)

is thin and overlies a thick dentine layer in which
the cosmine flask chambers lie. The enamel layer

folds over around the finished edges of the cosm-
ine as shown in Fig. 68A, but as that section

shows, no downturned enamel edges are seen

buried within the cosmine. This means that at

least the margins of the cosmine would have had
to be resorbed to allow growth (Gross, 1956;

Thomson, 1975). The matter is discussed below
under Scale Growth.

The flasks are very fine, and their openings to

the surface are only 7-10 microns in diameter.

They are closely spaced, the count being c.60 per

square mm. In vertical thin sections the upper

parts of the flasks are almost conical in shape or

have concave walls, there being little outward

curvature of the walls to produce pear shapes

(Figs 68A,B; 70B,C). In horizontal section, the

flasks show irregularities in the lower half of the

chambers because of folding to produce the mesh
canals (Figs 71 A; 72A). These mesh canals are

highly variable in shape (Figs 68A,B; 70B,C;

71 A,B). Somehave their greatest diameter where

they join the flasks, but decrease dramatically to

less than half that value where they interconnect

with those from adjacent flasks. In this respect the

mesh canals are very similar to those figured for

Megalichthys laticeps by Gross (1956: fig. 51),

but unlike those figured by Thomson (1975: figs.

26-28) for Ectosteorhachis nitidus. On the other

hand, some scales have flasks and thin mesh
canals closely comparable with the latter. Nor are

the canals regular in number. Some chambers

have three and others four mesh canals joining

their bases, in some areas three dominating and

in others, four. An occasional flask shows five

mesh canals. The arrangement depends on the

packing arrangement of the flask chambers. The
mesh canals are always on one level rather than

two, as Gross (1956: figs 34A,B) figured for

certain osteolepiforms from Estonia. In those

specimens he recorded 'Unter-Maschkanalen' as

well as 'Maschkanalen'.

At their bases the flasks extend into vertical

canals, some of which are so broad that they

occupy almost the whole width of the base of the

chamber (Figs 68A,B; 70B,C; 73B). These are

joined laterally in an irregular fashion by
branches to the vertical canals of adjacent flasks

and to the pulp canals to form the cross-canals

(Gross, 1956; Thomson, 1975). Although their

arrangement is much less regular than in M.
laticeps, these are very roughly sub-radially or-

ganised around the pulp canals, and only inciden-

tally join the bases of the flasks. As can be seen

from Gross (1956: figs 48A; 50C) the diameter

and arrangement of these canals is very variable

in M. hibberti, and some of them, instead of

joining into the base of an adjacent flask chamber,

FIG. 70. Cladarosymblema narrienense. A, SEMof part of scale, QMF31902, in Fig. 66C, to show partial

resorption of the second generation of cosmine (bottom right) and the advancing third generation (top left). B,C,

two vertical sections through a scale. B shows well-preserved tissue layers and flask chambers, QMF31900.
Basal lamellae show gaps that are the result either of separation during preservation, or failure to mineralize

layers of collagen. C, section QMF31 898, has the lamellar layer disrupted, but shows the flask chambers opening

down into irregular cross-canals (arrows) and the relationship between bone containing osteocyte spaces, bases

of flasks, and pulp canals. Scales B-C: 0.1mm.
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turn down into the vesicular bone. Many of them

do the same in C. narrienense.

Each dentine column between adjacent flasks

is almost invariably organised around a single

pulp canal that terminates in very variably ar-

ranged tubules (Figs 68A,B; 69C; 70C; 71A,B).

Occasionally two closely-spaced pulp canals are

present between a group of flask chambers (see

right end of Fig. 70B and the region to the right

of centre in Fig. 69C). The tissue flanking the

flask chambers above the level of the mesh canals

is dentine, whereas the deeper tissue around the

vertical and cross-canals contains osteocyte

spaces (Figs 68A; 70C), some of which have

arachnoid shapes like those figured by Thomson
(1975) for E. nitidus. The space between the

vertically standing cylinders was filled with den-

tine deposited from and between the variously

oriented branched ends of the tubules. From the

outer ends of the pulp canals, branches radiate in

the usual way (Fig. 69C), and these give rise to

dentine tubules that are easily visible, many being

stained by iron compounds. In vertical section the

vertical pulp canal itself is often apparently de-

void of surrounding tubules, although the tubules

can be distinguished at high magnifications with

appropriate illumination. On the other hand, hor-

izontal sections show that dentine canals ramify

from the trunk in much the same way as at the top

of the pulp canals (Figs 69C; 75C). The reason

for this apparent discrepancy is the fact that it is

unusual for a vertical section to intersect one or

more of the main lateral trunks from the canal,

and only the intersections with the more numer-

ous fine tubules are seen.

The dentine shows distinctive patterns in thin

section. The crystallites forming on the flanks of

the flask chambers are disposed normally to the

surfaces of the flasks. This is inevitable because

the first-formed layers of mineralisation were

deposited around the flasks, as they indeed have

to be because the flasks, which open to the exte-

rior, must have been present when the first den-

tine tissue formed. Subsequently, mineralisation

retreated towards the pulp canals. However, al-

though in thin section it is difficult to see growth
lines of the kind illustrated by Thomson (1975:

fig. 21) around the flask chambers of E. nitidus,

they can be readily recognised in SEMsof etched

surfaces (Fig. 71A,B). Wehave illustrated such

growth lines in Fig. 75.

There is optical continuity in the crystallites

surrounding each flask chamber, and under

crossed polars the extinction cross moves as

though it formed a unit with the optic c-axes of

the crystallites radially arranged. For obvious

reasons, the crystallites must have a radial dispo-

sition around the pulp canals as well as the flask

chambers. Because die dentine tubules are also

disposed normal to the surface of the pulp canal

at each stage of growth, the shape of the tubules

reflects the orientation of the dentine crystallites.

This means that the dentine tubules must be

standing in a radial array over the top of each pulp

canal, and hence the arrangement of the crystal-

lites in that region is only partly radial around the

point marked by the top of the pulp canal. As can

be seen from Fig. 69C and from Gross (1956:

pi. 10, fig. 3), the branching and the bending of the

tubules allows their ends to be arrayed normal to

the surface of the flask chambers, reflecting the

radial arrangement of the crystallites with respect

to the flask walls. The arrangement of the tubules

at the different levels in the cosmine is illustrated

diagramatically in Fig. 75.

As has been indicated above, at a deeper level

in the cosmine the concentric layering of the

dentine around the pulp canals becomes obvious

(Fig. 71 A). This is because growth in the later

stages of deposition was restricted to the narrow

cylinders around the canals. Before these cylin-

ders were formed, the spaces between the succes-

sive positions of the cylinders had been occupied

by dentine deposited from much larger pulp ca-

nals, whose form can be inferred from the vari-

ously oriented branched ends of the dentine

tubules. Because the earliest dentine was depos-

ited around the flasks, and it had to be deposited

from a pulp canal, the walls of each flask were

contributed to by three or four different pulp

canals (Fig. 75B,C). This inevitably results in

zones of interference between neighbouring pulp

canals. These zones are stippled in Fig. 75B,C.

Thomson (1975) referred to this tissue formed in

the interference zones between the cylinders as

'interstitial dentine', a name that he also applied

to the dentine formed over the top of the pulp

canals. Wesee no need for a separate term for this

dentine, which is really only the result of the

changing shape of the pulp canals during growth

(Figs72A,B;75).

The dentine overlies a coarsely vesicular bony
layer (the spongiosa of Gross, 1956, and Thom-
son, 1975) that usually extends across the whole
width and length of the scale, although it is miss-

ing in the overlapped zones of some specimens.

The vesicular layer consists of one to three irreg-

ular layers of vesicles. If the vesicles are of more
than one size, the largest ones tend to occur at the

base of the layer (Figs 68B,C; 70B,C); in addition
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FIG. 71. Cladarosymblemanarrienense. A,B, two SEMsof a polished horizontal section of a scale, QMF33052,

cut near bases of flask chambers. In each, small holes are the pulp canals which are surrounded by concentric

layers of dentine. In A, which is cut a little deeper into the scale than B, highly irregular bases of the flasks are

well seen, in places also showing the mesh canals. In B, mesh canals are almost complete. The bottom left of

the photo is slightly above the mesh canals and the top right is below them. Both sections are from polished

surfaces etched for about 90 seconds in 1 %HC1.
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there is a tendency for the size to decrease mar-

ginally. Within the overlap area, the vesicles have

no preferred size.

The basal layer is made of dense lamellar bone
that is added both marginally and at the base of

the scale. Sections through the overlapped part of

the scale show that the lamellae fold around from
the internal to the external surface (Figs 69A,B;
73A), indicating that they were laid down from
the tissue of the enveloping scale pocket. At the

scale margins, where the lamellae can be fol-

lowed around from the basal to the external sur-

face, only the outer layers are complete, the inner

layers being truncated against the vesicular layer

where it is present, as is shown in the above-men-
tioned figures. The vesicular layer in this mar-
ginal zone tends to lose its coherence, and
towards the outer limit the vesicle size becomes
small. This implies that the vesicular layer ex-

panded marginally by resorbing the lamellar

layer, which it then replaced, the vesicles grad-

ually growing in size as growth removed them
from the marginal area.

The lamellar layers were added as sheets to the

inner surface of the scale. Their internal structure

is distinctive as is well shown under crossed

polars and in SEMs. Under crossed polars, alter-

nate layers go into extinction almost as a unit,

indicating that these layers are composed of crys-

tals set normal to the surface. In plane polarised

light, each layer is seen to be crossed by fine lines

that may define the crystal boundaries, but the

lines are marked by films of iron oxides, suggest-

ing that they may be infillings of very fine pores.

Scanning electron micrographs show no sign of

such pores, but can be interpreted as supporting

the vertical crystal hypothesis (Fig. 73C). The
alternate lamellae show no such pattern under
crossed polars, being partly extinguished in all

positions. Presumably, therefore, the mineralis-

ing tissue has the capacity to change its mode of

action in a regular way during growth. This must
be in some way related to the orientation of the

fibres in the collagen, the mineralisation of which
has been referred to above. Gross (1956: figs

33A; 35A) illustrated this phenomenon in other

osteolepiforms. He referred to the vertical crystal

layers as 'quergetroffenes Fasserbiindel', and the

alternate layers as iangsgetroffenes Fasser-

biindel'.

The contact between the vesicular and lamellar

layers over the width of the scale does not follow

the boundary of a single lamellar layer. Instead,

several basal lamellae are truncated obliquely

against the vesicular layer (Fig. 69A,B). At sev-

eral points the wall of a vesicle can be seen to

have increased its thickness at the expense of the

adjacent lamellar layer (Figs 68C; 70B). Some
resorption of the latter must have taken place to

allow the vesicle walls to grow.

As indicated in the section on gross morphol-

ogy of the scales, some of the layers fall free

during acid preparation, and we have attributed

this to the absence of mineralisation in some of

the lamellae. Thin sections tend to confirm that

interpretation. As shown in Fig. 70B, gaps are

completely conformable with under- and overly-

ing lamellae, which in turn show no corrosion.

This pattern would be difficult to produce by
selective resorption. On the same thin section,

patches of resorption are present and are easily

distinguishable. Hence, we prefer the non-
mineralisation hypothesis.

Sections of the ridge on the inner surface of

some scales show that it was not formed by thick-

ening of one or more lamellar layers. Instead, it

is a highly discrete structure that is composed of

thin layers showing complex folding and radial

features of unknown origin (Figs 68B,C; 73B).

Scale Growth. Several of the above features

provide clear indications of the mode of growth
of these scales. The absence of Westoll lines in

the cosmine, the presence of infolded edges of
enamel around the cosmine margins, and the ab-

sence of older enamel rims incorporated in the

cosmine, indicate that the enamel margins were
completely resorbed during growth phases. On
the other hand, thin sections show no sign of

discontinuity within the cosmine itself. As we can
find no evidence of the resorption of the cosmine
layer from a whole scale at any one time, the only

conclusion seems to be that the downfolded
enamel margins were resorbed in advance of

growth.

Resorption patterns on the scales vary tremen-

dously. Examples are shown in Figs 66-67. A

FIG. 72. Cladarosymblema narrienense. A,B, SEMsof the dentine layer of the cosmine in a scale, QMF33051 , prepared

from a polished section cut down to just below the base of the flask chambers. A, the base of a flask chamber with
adjacent pulp canals (arrows). B, pulp canal with adjacent flasks (arrows). The flask at the bottom left of the figure is

the one shown in A. The concentric layering of the dentine around the pulp canal, and the so-called interstitial dentine

of Thomson (1975) are apparent. In the intersitial dentine note the well-defined sub-circular pores, 0.5 - 2.5 microns
in diameter, towards the bottom right of the figure where the dentine tubules have been cut across obliquely.
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pattern of resorption has been clearly established.

First the enamel layer was removed from a patch

on the surface (Figs 66A; 67 A,B,D). Presumably

this could be accomplished only by the action of

the overlying dermal layer. Then removal of the

dentine layer began progressively from the inner

edge of the area from which the enamel had been

removed. This progression was marked by an

increase in the size of the flask chambers (Figs

66A,B; 67A,D). Such increase in size could be

produced by two different processes. The first

involves the removal of layers of dentine from the

surface by continued action of the dermis, thus

exposing progressively deeper sections through

the flasks; this seems to have been the case in Fig.

67D, which gives the impression that the dentine

surface was progressively lowered until the mesh
canals were exposed. Alternatively, it could re-

sult from resorption of the inner walls of the

flasks by osteoclasts housed within the flasks;

where this occurred the inner walls of the flasks

show progressively more irregular shapes as they

increase in size (Fig. 66D), and eventually a point

was reached where all the dentine was removed

along a sharply defined vertical edge, indicating

that resorption was taking place from beneath the

dentine. This alternative view is espoused by

Borgen (1989, 1992). The shape of the resorbing

front indicates that osteoclasts were located not

only in the flasks, but also in the underlying bone

spaces. Indeed Borgen reached a similar conclu-

sion, but tentatively identified the deep source as

the pulp canals. Wesee no evidence in our mate-

rial of the involvement of the pulp canals. Thus it

seems that resorbing cells were located in the

epidermis, in the tissue lining the flask chambers,

and in the bone spaces.

The specimen in Fig. 66A,C,D shows three

phases of cosmine growth. The oldest phase is the

most extensive, but the thinnest; it covers most of

the cosmine surface and is labelled 1. The second

oldest is in the central patch, labelled 2. Someof

its edge is still entire but other parts show evi-

dence of resorption (Figs 66A,C; 70A). The
youngest, labelled 3, forms the almost complete

annulus around the centre; it was growing both

centripetally and centrifugally, and its margins

are entire everywhere. In Fig. 66B the annulus

seems to have formed from more than one centre.

Details of this figure are given in the caption to

the figure itself. Several other scales show quite

different patterns (see Fig. 67 A), and some of

them have only tiny areas of resorption or none

at all. Space forbids the illustration of the full

range of variation in cosmine growth that wehave

observed.

As mentioned in the description of the gross

morphology, there is a gutter between the cosm-

ine and the overlapped part covered by lamellar

bone. Vesicular bone is normally, but not invari-

ably, exposed in this gutter. For the area of cos-

mine to expand in the direction of the overlapped

part, resorption of the free edge of the lamellar

layer against the gutter would have to take place

in advance of the growing front, thus exposing the

vesicles. That some of this resorption went deeper

than the surface is demonstrated by the occur-

rence in the gutter of vesicles with their tops

removed (Fig. 69B). In other scales, the continu-

ity of the lamellar layer of the overlapped surface

to the edge of the cosmine, shows that resorption

was lagging in at least some individuals. This

variation could indicate different stages of

growth rather than individual differences.

Teeth and Tusks

In addition to the teeth in the jaws, the matrix

has yielded several isolated teeth and tusks. We
have been able to section and study some of these

in isolation. The infolding of the dentine and

enamel is simple and, as in other osteolepiforms,

it is polyplocodont (Schultze, 1969; Warren &
Davey, 1992: 1 1 8). The folding reaches less than

half way up the tusk from the base. The surface

layer of the tusks is covered with very fine anas-

tomosing longitudinal striations (Fig. 76B,C). As
is normal for osteolepiforms, these are best devel-

oped towards the base of the tooth on the outfolds

of the enamel and dentine, but can still be traced

almost to the tip. At the base they are spaced c.60

per mmtransversely, which is about four or five

FIG. 73. Cladarosymblema narrienense. A, SEMof the overlapped part of a scale, QMF33053. Note continuity

of the lamellar layers around the margin, breakdown of the lamellae in advance of the growth of the vesicular

layer, and how newly-formed rings around the most lateral vesicle cut the lamellae of the lamellar layer (arrow).

B, deeply etched vertical section through the ridge on the inner surface of the same scale. Note laminae in the

enamel, irregular orientation of the cross canals, continuity of the lamellae of the inner layer between the vesicular

layer and the ridge, and internal irregularity of lamellae in core of the ridge. C, SEMof part of the lamellar layer

of a scale, QMF33053, to show the different orientation of the crystallites in alternate layers. The surface was

polished and etched in 1%HC1 for about 90 seconds.
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FIG. 74. Cladarosymblema narrienense. Thin sections

of scales showing shape variation in elements of the

cosmine layer and immediately underlying bone. A,B,

sections slightly oblique to scale surface; outer edge
of scales to the upper right. Narrow openings into flask

chambers become progressively greater in diameter

away from the edge; mesh canals then become obvi-

ous. A, many flask bases are filled with a ferruginous

compound. Annuli of dentine around pulp canals are

obvious. Dark spots in the annuli of A indicate that the

level of true bone has been reached; cf. Fig. 70C. B,

more obliquely cut, bases of dentine annuli open out

into crude and irregular cross-canals (arrows), C,
QMF31901, section is cut mostly through level of the

mesh canals, which are filled with an iron compound.
Note also fine radial dentine tubules in dentine col-

umns. Scale: 1mm.

times the number found in M. hibberti (personal

observation).

A tusk broken from the holotype, and two other

isolated tusks, have been transversely serially

sectioned. Sections from the former series are

figured as Figs 77A,B and 78A,B- At the base of

the tusk, the pulp cavity is very wide and is

surrounded by a thin layer of folded dentine. In

places the folds themselves are slightly folded

(Fig. 77B). Progressively higher on the tusk, the

dentine thickens rapidly and the folds are more
clearly defined. Towards the base of the tooth, the

gaps between the folds are crossed by tissue iso-

lating as many as four spaces (Fig. 77B). This

crossing tissue is honey-coloured like the dentine,

but it contains no dentine tubules. Presumably it

is bone of attachment, a view that is supported by
the fact that further up in the tusk this 'crossing

tissue' disappears and the folds are open to the

external surface.

The surface of the tusk is covered by enamel in

most specimens. Where it is clear (Fig. 78C,E),

the enamel is usually thin in comparison with that

on the tusks of Megalichthys sp. figured by Smith
(1989). In others it has broken down diageneti-

cally, as shown in Figs 77A; 78A,B). The enamel
shows little lamination in transverse and longitu-

dinal section (Figs 78C; 79A), and we have not

been able to produce details of crystal bundles

similar to those produced by Smith (1989: figs

13-14) for Megalichthys. This could be the result

of preservation or of faulty technique, rather than

absence of the tissue in question.

Immediately beneath the enamel is a thin but

distinct layer of so-called globular dentine within

which the tips of the dentine tubules ramify (Fig.

78C,E). This is very similar to the layer in

Rhizodus and Megalichthys figured by Smith
(1989: figs 8A,B; 14C). Its presence throughout
the length of the tooth cannot be established with

certainty, but we consider that such a distribution

is most probable.

Towards the distal part of the tusk, near the

limits of and beyond the region of folding, trans-

verse sections show the dentine tubules closely

packed and dividing repeatedly towards the outer

surface. In thin sections they seem to maintain

their diameter throughout (Figs 77; 78), but as the

SEMsreproduced in Figs 79C & 80 show, this is

not always so. In Fig. 80C, for example, the

tubules decrease in diameter considerably lateral

to the division points and remain that way to the

tooth margin.

The dentine tubules in the proximal sections of
the tusk are straight or slightly curved to accom-
modate to the differences in shape between the

inner and outer surfaces (Figs 77A,B; 78A,B). In

vertical sections the tubules are straight to slightly

curved, and in the basal part of the tooth are

oriented at approximately 70° to the external

surface; as is required by simple geometry, the
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tubules are progressively more acute to the exter-

nal surface towards the tip of the tooth. In optical

thin sections the tubules seem to be similar to

those of ?Megalichthys figured by Schultze

(1969: pi. IE) and those of Megalichthys sp. fig-

ured by Smith (1989: figs 12A-C) in their clos;

spacing, their orientation and their diameter. On
the other hand, they are unlike those figured by
Gross (1956: fig. 119, pi. 14, fig. 4) for Latvius

grewingki in their spacing, in the obvious combs
of fine tubules between the main ones, and in

tubule diameter. However, SEMsshow a variety

of tubule morphology in C. narrienense. Al-

though some of this variety could be the result of

our failing to recognise different taxa in the col-

lection, it is considered more likely to be the result

of different phases of growth under different en-

vironmental conditions in the one taxon.

One of the noteworthy features of the teeth is

the extent to which they show variation in growth.

Three distinct types of growth laminae are

known:

(1) The first involves major breaks marked by
layers of amorphous tissue that survives etching

in HC1. In some specimens such breaks mark total

reorganisation of the tubules as shown in Fig.

79B,C; in others the branching pattern and diam-
eter of the tubules changes as in Fig. 80E; and in

still others the tubules are comparable on both

sides of the break but they are not aligned on
opposite sides. In thin sections it is not possible

to discriminate structure within the tissue defin-

ing the growth halts, and in SEMs the breaks

stand up as structureless walls as is shown in the

above-mentioned figures. The tubules cannot be

traced across these boundaries. During prepara-

tion it is not uncommon for the tooth to break up

along these surfaces (Fig. 76D). The specimen of

?Megalichthys figured by Schultze (1969: figs

1 a, 1 b,3a) shows breaks of this kind.

(2) The second type is seen in optical thin-sec-

tions as dark coloured bands through which at

least the major canals can be observed to pass

(Figs 77A; 78A). These breaks are not so strongly

marked as those of type 1 . SEMsof these bound-

aries indicate that at least some of them are dis-

tinguished by changes in the branching pattern of

the pulp canals (Fig. 80C,D). This type of surface

apparently indicates the initiation of a new
growth phase.

(3) The third is minor in comparison with the

other two, and is recognised by thin sheets of

some unspecified tissue that survives etching in

HCI; these are closely spaced, and usually mark
surfaces across which bifurcation or trifurcation

FIG. 75. Ctuaarosymblema narrienense. Diagram-
matic reconstruction of the cosmine of a scale. A,

vertical section through two flasks and three pulp

canals, showing the postulated growth lines in the

dentine, the orientation of the tubules, and the os-

teocyte spaces at the base. Positions of sections B-D
indicated. B, horizontal section cut at the top of the

pulp canals. The stippled areas are Thomson's (1975)

interstitial dentine; compare Fig. 69C. C, section cut

half way down the pulp canal; compare Fig. 72B. D,

section through the mesh canals; compare Fig. 7 1 A-B

.

of canals occurs (Fig. 80F). There is no interrup-

tion of canals at these boundaries, which are

spaced at intervals of c.5 microns.

The different types of growth laminae are not

mutually exclusive in teeth. For example, those
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of the third type occur on the same tooth as the

major breaks of type 1 above.

Our interpretation of the significance of these

variations is inadequate, and needs much more
work. It is in part hampered by the fact that our

material is not from known positions in a jaw, and
we are unable even to say if any one specimen is

a small tusk or a large tooth. As a consequence,

it is not possible to indicate if all the teeth and

tusks in a single animal have a similar range of

structures. At first sight, it is reasonable to con-

clude that there were major interruptions Jo the

life history of many animals during which growth

ceased, and following which reorganisation of the

tubules took place. These could have been events

such as droughts. Other animals need not have

suffered such major changes, but nevertheless did

experience lesser changes that produced the

structures of type 2. Seasonal changes suggest

themselves as an explanation. The minor breaks

are possibly daily increments.

FUNCTIONALINTERPRETATIONS

Swimming
Little attempt has been made to interpret the

swimming mode of rhipidistian fishes since the

work of Thomson (1969), although Ahlberg

(1992) has commented on the porolepiforms, and
Belles-Isles (1992) has examined both os-

teolepiforms and porolepiforms in this respect.

Both these treatments dealt primarily with the

caudal region of the animal, which our material

lacks. Hence we have been forced to attack the

problem independently, using such features as the

scale structure and pattern, the body form, and the

shape and structure of the pectoral fins.

Scales and Body Form. The exposed area of

each flank scale is large relative to the total scale

size. The scales show no sign of a peg and socket

articulation. The overlapped areas are convex
rather than flat, and thus provide a neat surface

over which the adjacent scales could slide during

flexure. The presence of a gutter between the

overlapped and exposed parts of the scales pro-

vided a groove into which the cosmine-covered

edges of the adjacent scales could tuck when the

body on that side was on the concave side of a

flexure. These features suggest that the entire

post-cranial body was flexible. The short ring

centra, which demonstrate a large number of

bending units, also suggest body flexibility.

The holotype is the only articulated specimen

we have, and it is depressed. However, the mode
of flattening, the reconstruction of the cross-sec-

tion of the head at its posterior end, and the

number of body scale rows, indicate that

Cladarosymblema was not a deep-bodied fish. In

addition we have an uncrushed pectoral girdle

with a flat-sided dorsal part and a relatively

sharply inflected ventral part of the cleithrum,

together with a flat clavicle. From this informa-

tion we conclude that the body was somewhat
flattened ventrally in the immediate post-cranial

position, a view that is supported by the shape of

the large gulars. The preserved part of the holo-

type, which is 28cm long, and 19cm long behind

the otico-occipital unit, shows no sign of the

anterior dorsal fin, which therefore must have

been posteriorly situated on the animal. If allow-

ance is made for the two dorsal fins and the caudal

fin, we estimate that the total length of the fish

would have been c.40cm. Estimates of the verti-

cal and horizontal axes of the body behind the

pectoral girdle are 6.5 and 7.0cm respectively.

Hence the fish must have been long and slender.

Having taken account of the previous argument

that the body was generally ovate in section,

although somewhat flattened ventrally towards

the front, and that the body was flexible through-

out, we consider that the total design would be

consistent with subcarangiform movement. This,

together with the posterior position of the median

fins, suggests that the propulsion was predomi-

nantly caudal. Such an arrangement is consistent

with a life style that requires slow movement over

long periods and short bursts of high acceleration.

However, no conclusion can be reached without

a consideration of the pectoral fins.

Function of the Pectoral Fins. The pectoral fins

are different from those of any other os-

teolepiforms with which we are familiar, except

perhaps for Megalichthys hibberti itself. The fins

of that species have not been well photographed.

Andrews & Westoll (1970b: pi. 4, fig. A) have

figured a relatively complete right fin that has

many features shown by Cladarosymblema, al-

though the boundary between the basal scales and

the ray scales is not as sharp.

FIG. 76. Cladarosymblema narrienense. All SEMs. A, isolated tusk, QMF31906. B, enlargement of base of same.

C, enlargement of the surface of QMF31 907 just above the zone of folding. D, deeply etched vertical section of

a small tusk, QMF31905. Note the section through the deep folds at the bottom right, and the strong growth
breaks (compare Fig. 77B). Scales: A,B,D, 1mm.
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The basal lobes of Cladarosymblema are un-

usually broad, and their extremities are broadly

rounded rather than tapered to a point. The num-
ber of dermal fin rays is very large, and they are

all contiguous, leaving no space for membranes
between the rays. Unlike other osteolepiforms,

long rays extend around the trailing edge of the

fin almost as far as they extend around the ante-

rior edge. This produces a large, flat, paddle-

shaped structure. Such a fin shape would not be

for propping the animal on the bottom, but was
either for swimming in a steady fashion, or for

orienting the animal during rapid movement. The
problem of distinguishing between these options

can be approached either by comparison with

other lobe-finned fishes such as Neoceratodus or

Latimeria, or by direct hydrodynamic considera-

tions.

A second important feature bearing on this

issue is the position of the fins, which are placed

in a low position on the body at an angle formed
by the sharply rounded flexure of the cleithrum.

This means that the fins would apply a force low
on the body, below the centre of gravity. Modern
actinopterygians that use the pectoral fins for

locomotion rather than orientation, are usually

deep-bodied, with fins attached high on the side

of the animal (Webb, 1982). This applies equally

well to those that use their fins for 'rowing' and
to those that use them for 'underwater flying'.

Hence the body shape and pectoral fin position

suggest that these fins in Cladarosymblema were
not primarily locomotory.

A third point is that, being situated on a sharply

rounded flexure in the body profile and having

such a thick proximal lobe, it would be difficult

to fold the fins back smoothly against the body.

This suggests that they could not easily be rotated

out of the water flow at continuously high speeds.

Although this argues against long-continued fast

swimming, it does not eliminate the possibility of

short bursts of high acceleration. In such circum-

stances the large fins would be useful for direc-

tional change.

The basal lobes are covered with scales that

decrease in size distally, show no evidence of

significant overlap between scales, and have no
peg and socket articulation. Wehave found no
evidence that the lobes had an ossified axial skel-

eton; presumably the skeleton was cartilaginous,

and therefore relatively flexible. Although the

basal lobes were long and thick, they presumably
retained some flexibility. So far as can be deter-

mined from the inadequately preserved speci-

men, the attachment of the fin to the body was

broad and thick, thus limiting the capacity of the

fin to rotate about its articulation with the shoul-

der girdle. In all these respects it seems to be

similar to Latimeria. However, that is where the

similarities end. The fins in Latimeria are situated

higher on the side of the fish than in

Cladarosymblema, and the fin pattern is different

in the two genera. In Cladarosymblema the fin is

paddle-shaped and the rays are covered with a

double layer of closely spaced cosmine-covered

scales that are set in juxtaposition, whereas in

Latimeria the fin is drawn out to a point, the rays

are less numerous, more widely spaced, separated

by membranes, and made of a vast number of

very short lepidotrichs. Consequently the distal

parts of the fins would have been more flexible in

Latimeria than in Cladarosymblema. Fricke et al.

(1987) have reported thai Latimeria does not use

its fins for walking on the bottom, but is able to

use its paired and unpaired fins for generating

thrust. The paired fins are also used to stabilise

and correct drift motion in up- and down-welling

currents. It is highly unlikely that such drift was
a factor in the life of Cladarosymblema in semi-

permanent shallow bodies of fresh water. Latime-

ria uses its paired fins in generating thrust by
adopting an 'underwater flying' fin motion. Fins

that are functionally adapted for such motion tend

to have a high aspect ratio and are situated on the

flanks of the animal, features not shared by the

fins of Cladarosymblema. Consequently we are

unlikely to be able to gain much information from
an analysis of Latimeria. and again we are forced

to make a judgment on the basis of hydrodynamic
considerations.

Finally, it is as well to use the geological data

to assist with interpretation of the animal's func-

tion. The inferred habitat of semi-permanent

pools of fresh water suggests that persistent

(steady) swimming was unlikely unless swim-
ming against frequent floods was selected for; we
note, however, that the sediment and the distribu-

tion of the strata indicate that the water was
normally quiet and that flood events were infre-

quent. If they were frequent, it would be difficult

to account for the concentration of the carbonate

and the algal overgrowths that must have required

long-continued stable conditions. In such an en-

vironment, the feeding type is more likely to be
at a premium in controlling the design of fins.

This fish was a carnivore, with tusks in the ante-

rior part of its mouth for penetrating and holding

active prey. The associated fauna shows that there

was an abundance of actinopterygians of various

sizes available as prey. This suggests an emphasis
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FIG. 77. Cladarosymblema narrienense. A,B, transverse sections of rusks, taken near the base. A is more distal

than B. A was broken from the holotype, but the thin sections are numbered QMF31907. B, separate tusk,

QMF33046; note the cross-bars of bone of attachment in some of the infolds (arrows), and the more complex
folding on the right. B also shows two growth breaks towards the outer surface of the tusk. The dark layer around
the outer surface in A, where the thin layer of enamel should be, is apparently the result of diagenetic destruction
of the surface layers. Scale: 1mm.
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on fast starts and abrupt turns. A similar view was
espoused by Andrews & Westoll (1970b: 481)
who commented that 'Some of the osteolepids

seem to have been lurking predators . . ,\ and that

they lived in environments where they could

avoid strong currents \ . . where sustained strong

swimming would have been necessary'.

Thus, by a process of elimination, we are left

with the view that Cladarosymblema was a fish

that was propelled by subcarangiform move-
ments, was generally a slow mover, but was ca-

pable of considerable acceleration in short bursts,

during which time it had an excellent capacity to

reorient itself in the water using its pectoral fins.

This hypothesis is to some extent supported by
the caudal fins of the new genus described from

Norway by Ulf Borgen, and it could be tested by
the discovery of the more posterior median fins

of Cladarosymblema.

Feeding

Discussion of biting and feeding in

rhipidistians had been dominated by what authors

concerned think of cranial kinesis. Thomson
(1967) has given an extensive discussion of the

pro-kinetic position, and Jarvik (1942, 1980) has

advocated the non-kinetic position. Wesee no
point in adumbrating these well-worn arguments,

particularly as our material provides no addi-

tional information on the nature of possible

movements of the intracranial joint. We will

focus on the significance of features that have

been relatively ignored by previous workers.

Musculature of the Mandible. The large adduc-

tor fossa in the mandible is indicative of large

adductores mandibulae. This view, if it needs

support, is corroborated by the large space under

the otico-occipital roof to provide space for the

contraction of adductor muscles. There is no
doubt that the animal had a massive bite.

Judging from the size of its attachment area, the

coracomandibularis muscle (see above) must
have been powerful. But did it serve to depress

the mandible? Lauder (1980b) has shown that in

Latimeria the line of action of this muscle was
above the jaw articulation when the jaw was
closed, and therefore it cannot have been used to

initiate jaw opening as it does in many

actinopterygians. He also noted that as the jaw
opened, although the line of action dropped

below the articulation and therefore is seemingly

in a position to contribute to the later phases of

depression of the mandible, this does not occur.

With the downturn of the posterior end of the

mandible in Cladarosymblema, it is difficult to be

certain if the line of action would have passed

above or below the articulation, but we consider

it probable that the situation was similar to that in

Latimeria. Lauder showed that electromyograms
indicate that the prime function of the

coracomandibularis is compression of the buccal

cavity rather than opening the mouth. That leaves

the sternohyoideus muscle as the main depressor

mandibulae, but we are unable to comment on
that muscle in the absence of the ceratohyal in our

material.

The retroarticular process in Cladarosymblema
is large; in Latimeria such a process serves for the

attachment of the anterior and posterior

mandibulohyoid ligaments. The former is at-

tached to the hyomandibular and the latter to the

symplectic. The surface of the process in

Cladarosymblema displays two areas that could

well have been for the attachment of ligaments.

As Lauder (1985) has shown, in primitive

teleostomes the mandibulohyoid ligaments medi-

ate mandibular depression, and so this seems to

be an appropriate function for these structures in

Cladarosymblema.The large, anteriorly tapering

muscle scar along the Meckelian bone ventral to

the edge of the posterior face of the prearticular,

has been interpreted as an attachment for strong

posterior intermandibularis muscles. These
would have extended as a sheet across the top of

the posterior end of the gulars, and would have

served two main functions; the constriction of the

floor of the branchial cavity thus forcing water

out across the gills, and helping to control the two
mandibular rami during a biting strike at a large

item of prey (see below). Smaller areas of attach-

ment for the anterior intermandibularis muscles

have been identified near the front of the mandi-

ble, and these would also have served to control

the movement of the symphy sial part of the man-
dibular rami during a strike.

FIG. 78. Cladarosymblema narrienense. A,B, transverse sections through the more distal parts of holotype tusk

(QMF31907) illustrated in Fig. 77. B is more distal than A. C, transverse section of part of another tusk,

QMF33046A, showing unusually thick enamel and branching tubules in the mantle dentine immediately

beneath it. D, vertical section through base of a tusk (QMF33047) cut between folds. E, enlargement of right

side of same, photographed under crossed polars, showing enamel layer and multi-layered nature of im-

mediately underlying dentine. Scales: A,B,D, 1mm; C,E, 0.1 mm.
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FIG. 79. Cladarosymblema narrienense. Specimens all

lightly acid-etched; SEMs. A, enamel layer of a tusk,

inner surface to bottom. Note the poor lamination and the

lack of obvious bundling of crystallites. B, transverse

section of tusk, QMF33049, distal to the zone of folding.

Note the more or less regular tubules to the bottom right

separated from the peculiarly arranged pattern of the

outer layer by thick structureless wall of tissue. C, similar

section through another tusk, QMF33048, showing dis-

rupted growth around the pulp cavity, and ramifying

tubules in the thick outer dentine layer, (pc = pulp cavity;

os = outer surface.)

Movement of Mandibular Rami during Biting.

As indicated in the above description, the median
symphysis was probably completed by a cartilage

pad which would have allowed a degree of flex-

ibility between the jaw rami. This conclusion is

in agreement with two other aspects of the anat-

omy of the mandible. The first is the presence of

the small, rhombic, loosely attached plate be-

tween the infradentaries, alluded to above. Sec-

ondly, the glenoid fossa is divided into two
distinct surfaces of articulation, and if the median

symphysis is held vertically the inner half of the

fossa is at a lower level than the outer. As a result,

the load during biting could have been carried in

one fossa or the other depending on stress distri-

bution. The two glenoid surfaces are much more
similar in size than those of Devonian dipnoans,

in which the lateral surface is much the smaller

of the pair. A paired arrangement of the articula-

tor surfaces is desirable under two quite differ-

ent sets of circumstances. If, as in Devonian
dipnoans, the mandibular symphysis was rigid

and a large prey item was held on one side of the

mouth, exertion of pressure would tend to disloc-

ate the jaw articulation on the opposite side.

Hence, a second glenoid articulatory surface

would be desirable so that it would be able to

carry the stress when the adductor muscles on
both sides contracted. If a flexible symphysis

were present, an entirely different mechanism
would have operated. A large food item caught

on one side of the mouth would cause the ramus

on that side to rotate outwards and thus the artic-

ulation would jump from the outer to the inner

glenoid fossa, the articulation on the opposite side

of the animal remaining stable. Such a view is

supported by the fact that the teeth on the mandi-

ble are turned slightly inwards so that they would
be more effective when the ramus rotated out-

wards. The dipnoan design would be an advan-

tage for an animal grinding its food on tooth

plates because pressure could be exerted effec-

tively on both sides of the mouth. The osteolepi-

form design would be an advantage for an animal

holding and killing struggling prey by punctur-

ing. It is probably significant that we have recov-

ered from the fauna no invertebrates that could

have provided a relatively passive food source,

but there are large numbers of actinopterygians

and acanthodians of many sizes that would have

provided active, struggling prey.

A second factor related to both feeding and
respiration has to be taken into account in any
discussion of jaw movement. As Lauder has

pointed out on many occasions (see especially

Lauder, 1985), primitive aquatic vertebrates suck

in their prey by rapidly expanding the buccal

cavity. This is accomplished by three separate

means - dropping the mandible, dropping the

gular plates, and laterally expanding the quad-
rate/mandible articulation. This latter movement
is possible only if the quadrate is mobile and if

the mandibular symphysis is flexible. Hence,

symphysial flexibility is an important factor in

both feeding and respiration. Lateral expansion

of the jaw articulation is also a factor in explain-
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ing the double glenoid surface. As pointed out

above, the inner fossa is slightly anterior to, as

well as lower than, the lateral one. Assuming that

the articulatory process on the quadrate was also

double, lateral movement of the whole would be
facilitated if the articulation could jump from one
surface to the other depending on the degree of

lateral expansion. Obviously, feeding and respi-

ration are intimately linked in fishes, and hence
if the above hypothesis is of any significance, the

positions of the articulations for biting and for

respiration would have to be consistent. This

means that because suction has to be at a peak at

the time of a strike at prey, the articulation would
be at maximum spread, and the inner glenoid

would be engaged. This is the position of the

articulation required when maximum pressure is

exerted on prey. Such internal consistency is sup-

portive of the above hypothesis.

Sensing the Environment
Tubules in Snout. Tubules occur in the rostrum

and in the symphysial region of the mandible.

They are not nearly so numerous nor apparently

so inter-connected as those in the Dipnoi, nor do
they have the same longitudinal arrangement.

Foramina in the antorbital wall connect with

these tubules in the same way as do the profundus
and ophthalmicus superficialis nerves in extant

and fossil dipnoans. These nerves are sensory,

and are generally considered to have served elec-

troreception systems. To have this function they

would have to open to the external surface. In

Devonian dipnoans these openings are numerous,

but they are smaller than those for the lateral line

canals. In our material, it is not clear that the

tubules open to the exterior via a set of small

openings, although there may be connections via

the lateral line pores.

In the mandible of Cladarosymblema the tu-

bules are restricted to the immediate inner sur-

faces of the dermal bones, and although they

divide and penetrate these surfaces, they never

make the diverse patterns seen in the Devonian
dipnoans. Also they do not seem to connect with

external openings in the dermal bone to anything

like the same extent as do the tubules in the

mandibles of E>evonian Dipnoi. As indicated in

the descriptive section, it is impossible to reach a

definite conclusion on their function.

Special Cutaneous Sensory Pit Groups. These
groups, consisting of between five and fifty pits,

occur on the snout mesial to the narial opening,

on the posterior nasal, the parietal, the supratem-
poral, the squamosal, the postorbital, the an-

terodorsal corner of the opercular and sub-

operculars 1 and 2, and near the vertical pitline

on the mandible. Bjerring (1972: fig. 6A) made
serial sections of part of a roof of M. laticeps that

show that the small group on the supratemporal

(his intertemporal) is served by fine canals con-

nected directly to the lateral line canal in that

bone. We have not sectioned a specimen, but

X-radiographs show an abundance of relatively

coarse branches from the main canal in the supra-

temporal. Although some of these branches are

present beneath the pit groups, others extend well

beyond the area covered by pit groups. The same
kinds of comments can be made about the groups
of pits in the ethmoidal unit. Hence, we can
produce no evidence that the multiple branches

from the main canals are involved with the supply

of nerve fibres to the pit groups. It is unlikely that

the X-radiographs would pick up structures as

fine as those Bjerring figured.

Another way of approaching the problem of the

necessary interconnection of the lateral line ca-

nals and the pore groups, is to examine the prox-

imity of groups to lateral line structures. Jarvik

(1948: 137) commented: *No doubt the fine ca-

nals leading to the pores transmitted fine nerve

twigs, and the position of the pores close to the

sensory canals and pit-lines indicates that these

nerve twigs are of lateralis branches'. Whereas it

is true that the groups on the roofing bones and
the squamosal lie close to either canals or pit

lines, those on the opercular and subopercular do
not. It maybe significant, however, that the group
on the opercular is in the anterodorsal corner

where it would lie close to the lateral line in the

preopercular; but even if this is accepted as sig-

nificant, no such proximity can be argued for the

pore groups on the suboperculars. Weconclude

that no necessary connection between the lateral

line system and the pore groups has been estab-

lished.

The function of these pit groups is unknown,
but Bjerring (1972: 85) has speculated that they

may have been thermal receptors. Whyan organ-

ism living in the environment postulated for

Cladarosymblema would need thermal receptors

is difficult to understand. In any case we know of

no modern analogue for such organs having such

a distribution. It is unlikely that these pits would
be mechanoreceptors, because on the ethmoidal

unit and the intertemporals they are surrounded

by normal neuromast pores, and hence subsidiary

receptors of the same kind would seem to be

superfluous. On the other hand, modern
paddlefishes, which live in a riverine environ-
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ment, do have clusters of ampullae distributed on
the elongate rostrum, the cheek and the gill cover

(Grande & Bemis, 1991: figs 1A-D). These are

known to house electrosensory organs similar to

the ampullae of Lorenzini (Jorgensen et al.,

1972). The innervation of these structures re-

mains unknown, but in other fishes the ampullae

of Lorenzini are innervated from electrosensory

fibres associated with the lateralis system. The pit

groups in paddle fishes are far more extensive

than those of C. narrienense and the analogy may
be inappropriate; but two points give confidence

that it has some merit: in C. narrienense some of

the pit groups are associated with the lateral lines,

and in paddle fishes, as in Cnarrienense, clusters

of pores occur on the gill covers, which carry no

lateral line.

Should this interpretation be accepted, one re-

sidual point remains. That is, the cosmine be-

tween the individual pits retains flask chambers,

which elsewhere in this paper are interpreted as

having an electrosensory function also. The close

proximity of the two types of receptor requires

explanation.

Flask Chambers in the Cosmine. These struc-

tures have been interpreted as housing elec-

trosensory organs (Thomson, 1975), osteoclasts

(Borgen, 1988, 1992), or dermal papillae sup-

plied by cutaneous blood vessels (Bemis &
Northcutt, 1992). Another possibility is that they

were the sites of mucus-secreting cells. In the

descriptive section above we have concluded that

osteoclasts functioned from the flasks, and that

conclusion implies a blood supply. However, it

does not imply that their only functions were

resorptive. That they had additional functions is

indicated by two other observations. First is the

fact that pulp canals are spaced evenly between

the flasks; these must have been supplied with

blood to provide the nutrients for the deposition

of the dentine, although not for the dermis on the

external surface of the cosmine, because no den-

tine tubules penetrate the enamel layer. Hence the

nutrients for the dermis outside the scale pockets

must have come from the flasks, the only struc-

tures that connected with the surface layers

which, as shown above, must have had a blood

supply. The blood would have been carried via

the irregular deep cross-canals that madeconnec-

tions between the bases of the pulp canals and the

flasks. The second important observation is the

regularity of the mesh-canals between the adja-

cent flasks. Because we have already determined

that a blood supply was available to the flasks via

the cross-canals, the mesh-canals would be super-

flous as blood conduits. In addition their regular-

ity is not characteristic of a blood distribution

system. Nor is it comparable with any mucus
gland system of which we are aware. On the other

hand, their array is reminiscent of the design of

elementary sensory receptors such as are found in

the compound eyes of arthropods. Wecan only

conclude at this stage that the flasks served at

least three functions: a nutrient supply to the

dermis, sites for osteoclasts involved with the

periodic resorption of the cosmine, and sites to

house sensory receptor cells. Such receptors

would not have been mechanosensory because

the lateral line system was well developed, nor

chemosensory because such a distribution is not

known in any living organism. On the other hand,

electrosensory receptors are widely distributed

on the body of many aquatic vertebrates

(Northcutt, 1 986). Consequently weconsider that

the interpretation of Thomson is the most ade-

quate interpretation available at present.

Denticles in the Narial Opening. We have

commented that the presence of these denticles,

in this genus at least, seems to rule out the possi-

bility that the embayment in the wall of the naris

carried a gland. The function of the denticles is

more difficult to determine. Presumably they

were covered with epidermis containing sensory

cells of some kind, but beyond that we are unable

to speculate, apart from noting that they would be

ideally placed to monitor currents entering the

nasal capsules.

FIG. 80. Cladarosymblema narrienense. Specimens all lightly acid-etched; SEMs. A, vertical section of small tusk,

QMF33050, showing growth layers and strongly folded base. Scale: 1 mm. B, enlargement showing tubules different

from those observed in other tusks in the collection; and therefore may not belong to the same taxon. Note, however,

the difference between the two growth breaks; some tubules pass through the upper break but not the lower one. C,

part of a vertical section through a deeply etched tooth, QMF33059, top to the left. Someof the tubules have broken

during washing after the section had been etched, and are lying across the tubules that remain in place. D, enlargement

of part of same to show mat at least some of the growth banding results from multiple division of the tubules in the

outer layer. E, enlargement of part of a section across a growth band, also of QMF31 905. Note that the break consists

of a layer of structureless material separating layers with tubules of different diameter and pattern. F, part of the same
specimen showing closely spaced partitions within a main growth band.
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Respiration

Two mai n factors control the flow of water over

the gills - the production of negative pressure

(suction) in the buccal cavity by depression of the

mandible and the gulars and lateral movement of

the quadrate/mandible articulation, followed by

the build-up of positive pressures in the buccal

cavity by mouth closure, inwards movement of

the quadrate/mandible articulation by contraction

of the intermandibularis muscles, and the raising

of the floor of the buccal cavity by contraction of

the interhyoideus and intermandibularis muscles.

Accompanying the build-up of positive buccal

pressure is the production of negative pressures

in the opercular chamber by movement of the

opercular. The effectiveness of the pumping
mechanisms can therefore be approached by ex-

amining the size and position of the submandibu-

lar muscle attachment areas, and the limits on the

capacity of the opercular to move as reflected in

the overlaps and muscle attachments of the oper-

cular bones.

Muscles of Submandibular Region. In the ab-

sence of a ceratohyal, we are unable to comment
on the size of the interhyoideus muscles, but the

intermandibularis muscle attachments provide a

good indication of the ability of those muscles to

contract the buccal cavity. In Latimeria

chalumnae both the anterior and posterior inter-

mandibularis muscles are strongly developed

(Millot & Anthony, 1958: vol. 2, fig. 28). Lauder

(1980a) has shown that, primitively, the inter-

mandibular musculature served to compress the

buccal cavity rather than to take part in the de-

pression of the mandible. In Cladarosymblema
the posterior intermandibularis attachment sur-

faces are large, and are situated on the posterior

half of the mandible. This suggests that they

exercised a significant control on the extent of the

lateral movement of the jaw articulation, as well

as raising the floor of the buccal cavity during

feeding and buccal pumping. The posterior inter-

mandibularis muscles of Latimeria are attached

to the anterior three-fifths of the mandible (Millot

& Anthony, 1958: vol. 2, fig. 28); according to

Jarvik (1963, fig. 20A) those of Eusthenopteron

extend much further posteriorly, but the evidence

for this interpretation is not clear. Gogonasus has

an attachment of the intermandibularis extending

posteriorly almost as far as the jaw articulation.

This, taken in conjunction with the evidence from
Cladarosymblema and Eusthenopteron, suggests

that in osteolepiforms this may have been a nor-

mal feature. Assuming that the above interpreta-

tions are correct, we incline to the view that the

intermandibularis muscles played a more import-

ant role in buccal constriction in osteolepiforms

than in Latimeria.T\\Q role of the hyomandibular

in controlling the lateral movement of the jaw
articulation is impossible to determine because,

as indicated above we have no ceratohyal, and the

ventral end of the hyomandibular appears to have

been cartilaginous.

Egress of Water from the Gill Chamber. The
posterior position of the intermandibularis mus-
cles in osteolepiforms has another important con-

sequence, vfe. that egress of water from the gill

chamber would have been anteroventrally re-

stricted. The filament-bearing gills would there-

fore have been limited to a posterior and
postero ventral position. This is consistent with

the reconstruction of the gills in Eusthenopteron

by Jarvik (1980: figs 109-1 10). In that genus, the

anterior part of the buccal cavity contains a long

sublingual rod that occupies the space containing

the anterior ends of the gill arches in Latimeria

and other primitive osteichthyans.

Opercular overlaps. The opercular is strongly

overlapped anterodorsally by the lateral ex-

trascapular, suggesting a severe restriction on its

lateral movement. This overlap is larger than that

of other osteolepiforms. However, as indicated in

the descriptive section, the dorsal part of the

opercular is inflected at a high angle, and lateral

movement would require only a slight lift of the

lateral extrascapular. Nevertheless, extensive lat-

eral movement would be precluded. The sub-

opercular 1 has a large surface where it was
overlapped by the opercular, thus restricting its

lateral movement unless the two bones moved in

concert. At the same time, we note that these

overlaps would have provided a stable form for

the lateral and ventrolateral walls of the opercular

chamber, thus maintaining the negative pressures

generated by the limited lateral movement of the

opercular and subopercular bones. Weconclude

that in comparison with the buccal pressure

mechanism, the opercular mechanism provided

only limited support for the respiratory water

flow. This is not surprising, as Lauder (1985) has

shown that in primitive fishes the negative pres-

sures in the buccal cavity are five times those of

the opercular cavity.
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NOTEADDEDIN PROOF

Dr Oleg Lebedev has drawn our attention to a

couple of points in our interpretation where de-

tails of a new Russian osteolepiform, described

in the proceedings of the Miguasha Symposium
on early vertebrates, indicate that we may be in

error.

Firstly the bone described and figured as a

urohyal is not sufficiently compressed and does
not have the anterior articulation surfaces of that

bone. Instead it is more likely to be a basal radial

from the second dorsal or anal fin (see Jarvik,

1980; fig. 99). This is an attractive interpretation.

Secondly the anterior edge of the parasphenoid

may have been placed in a too posterior position

on our Fig 20A. In the Russian specimen the

anterior edge is approximately along the

posteromesial edge of the vomers. Our best pre-

served specimen has a clear boundary in the

position we have indicated, and the more anterior

boundary near the edge of the vomers is not so

well preserved. Hence, whereas we acknowledge
the possibility that we are in error, our opinion on
the issue remains ambiguous.
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ADDENDUM
The specimens extracted from the limestone

block collected by de Bretizel, and said to be from

the Telemon Formation, have been catalogued as

QMF26522. They have many features in common
with Cladarosymblema narrienense, but in view

of their unknown provenance, and the record by

Turner (pers. comm.) of fish remains in situ in

carbonates of the Telemon Formation within the

Narrien Anticline, we have decided to keep the

material separate. The following notes concen-

trate on differences from the type material of C.

narrienense. Some of the specimens have been

illustrated in Fig. 12.

The single fragment of the ethmoid shield has a

large median postrostral, posterior nasals that in-

dent the outline of the parietals, and a patch of

sensory pores lies on the posterior nasal as in C
narrienense. The lateral margins of the parietals

converge posteriorly unlike those of C. nar-

rienense.

One lachrymal is available. It is one third as

high as long, and in dorsal view is seen to be

flexed inwards near its anterior end. Its posterior

end is acute and it has a distinctive overlap ar-

rangement with the jugal. This shape and overlap

pattern does not match the anterior edge of the

jugal of C. narrienense, which is much more

upright. The ventral edge has cosmine to its mar-

gin, and a slight furrow of irregular depth inter-

nally, into which the maxilla fits. The notch for

the articulation of the anterior process of the max-
illa is not pronounced. The anterodorsal edge also

has cosmine to its margins and a distinctive

groove and peg for articulation with the lateral

rostral. Anterior to this peg and immediately dor-

sal to the lateral line canal is a complementary

articulatory socket. The edge forming the orbital

margin is very short and is bevelled as is normal.

According to Borgen (MS), in M. hibberti the

suture between the lachrymal and the jugal does

not reach the orbit, implying that the jugal forms

the entire ventral margin of the orbit. This is

clearly not the case in this species. The infraorbi-

tal lateral line canal runs close to and parallel with

the ventral margin, opening to the exterior via

large pores some of which are almost on the bone

margin. A number of offshoots run up from the

main canal to open on the anterior part of the bone.

A relatively complete isolated lateral ex-

trascapular is known. The bone is subtriangular in

outline, but with all the edges slightly curved. The

anterior margin bears a narrow overlapped sur-

face, and its lateral edge is finished. The mesial

edge is finished and rather thin, showing that it

overlapped the median extrascapular. A 7 mm
long, flexed, longitudinal pitline runs down the

axis of the bone, and a second much longer line

loops around this one, presumably having run

onto the bone from the median extrascapular.

About half of a maxilla is well preserved. It has

a ridge like that of C. narrienense supporting the

tooth row on its internal surface, but it lacks

protuberances on its dorsal edge and the over-

lapped edge is more extensive. As described

above, the anterior process is large and has a

folded dorsal tip which probably formed the pos-

terior edge of the choana as in Gogonasus an-

drewsae.

Only a small fragment of a mandible is avail-

able; it does not provide an adequate basis for

comparison.

A well-preserved opercular and a median gular

match those of C. narrienense except that the

median gular has well-developed pitlines. The
opercular even has the small patch of sensory

pores in its anterodorsal corner. The scales of the

two are entirely comparable.

Two isolated specimens that may be subopercu-

lar 1 have been recovered, but they are very long

and have overlap patterns that cannot be recon-

ciled satisfactorily with that identification.

Consequently, we have concluded that this spe-

cies is closely related to C. narrienense, but in

view of the small differences in the shapes of the

parietal and the mandible, and the failure of the

lacrymal to fit the jugal of C. narrienense, it is not

possible to say that they are conspecific.


